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Description 

CATALYST SYSTEM FOR POLYMERIZING CYCLIC OLEFIN 
HAVING POLAR FUNCTIONAL GROUP, POLYMERIZING 

METHOD USING THE CATALYST SYSTEM, OLEFIN 
POLYMER PRODUCED BY THE METHOD AND OPTICAL 

ANISOTROPIC FILM COMPRISING THE OLEFIN POLYMER 

Technical Field 

f 1 ] The present invention relates to a catalyst for polymerizing a cyclic olefin having a 

polar functional group and a polymerization method, and more particularly, to a 
catalyst system for polymerizing a cyclic olefin having a polar functional group, a 
polymerization method using the same, an olefin polymer produced by the method, and 
an optical anisotropic film comprising the olefin polymer. 

Background Art 

[2) Among catalyst systems used in polymerization reactions, a homogeneous Ziegler- 

Nalta catalyst system which generally has multiple active sites includes methyla- 
luminoxane (MAO) as a cocatalyst to improve the reactivity of the catalyst. However, 
a large amount of the MAO should be used relative to the catalyst precursor, and thus 
an increase in production cost and the requirement of post-treatment arise. 

[3] With appearance of single active site catalysts such as metallocene catalysts, a per- 

fluoroarylborate type non-coordination anion capable of providing single cation active 
species to a catalyst precursor, having low charge of - 1 or -2 and easily achieving der- 
ealization of charges has been used as a cocatalyst (Chem. Rev. 1 988, Vol. 88, 
1405- 142 1; Chem. Rev. 1993, Vol. 93, 927-942). 

[4] Such an anion is used in the form of a salt in combination with trityl causing an 

alkide or hydride removal reaction or dialkylammonium cation causing protonolysis. 
Exemplary borate cocatalyst compounds include [Ph C][B(C F ) 1 and IPhNMe HI 

1 6 5 4 ^ ' 

(B(C F ) ]. 

6 5-4 

[5] In the polymerization reaction, the cation part of a cocatalyst reacts with a leaving 

group of a metal precursor to provide a cationic metal precursor and forms an ion pair 
with the anion part of the cocatalyst. The anion weakly coordinates to the metal and is 
easily exchanged with an olefin monomer, resulting in polymerization. 

[6] The ion pair acts as a catalyst active species, but is thermally and chemically 

unstable and sensitive to solvents, monomers, etc., and thus reduces the reactivity of a 
catalyst. In particular, in the case of a nitrogen containing cocatalyst compound, a 
neutral amine compound is produced during a catalyst active reaction and can strongly 
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interact with a cationic organometallic catalyst, thereby resulting in a reduction of the 
catalytic activity. To avoid this problem, carbenium, oxonium and sulfonium cations 
, can be used instead of the ammonium cation (EP Patent No. 0426,637). 
[7] Meanwhile, when cyclic olefins are polymerized using MAO or organoaluminium, 

in most cases, high polymerization activity is shown against a non-polar norbornene 
such as norbornene, alkylnorbornene and silylnorhornene, whereas significantly low 
polymerization activity is shown against a polar norbornene such as ester or acetyl 
norbornene (U.S. Paten Nos. 5,468,819, 5,569,730, 5,912,313, 6,031,058 and 
6,455,650). 

[8 J Norbornene polymers which are composed of cyclic olefin monomers such as 

norbornenes exhibit much better properties than conventional olefin polymers, such as 
high transparency, heat resistance and chemical resistance, and have low birefringence 
and moisture absorption . Thus, they have various applications, e.g., optical 
components such as CDs, DVDs and POFs (plastic optical fibers), information and 
electronic components such as capacitor films and low-dielectrics, and medical 
components such as low-absorbent syringes, blister packagings, etc. Adhesion of 
polymers to inorganic materials such as silicon, silicon oxide, silicon nitride, alumina, 
copper, aluminium, gold, silver, platinum, titanium, nickel, tantalium, and chromium is 
often a critical factor in the reliability of the polymer for use as an electronic material 
The introduction of functional groups into norbornene monomers enables control of 
chemical and physical properties of a resultant norbornene polymer. However, in this 
case, a problem of reduction in reactivity occurs. 

[9] That is, although catalyst systems for polymerizing cyclic olefins having polar 

functional groups can be prepared using various cocatalysts, the resulting catalysts are 
sensitive to monomers and deactivated or not used at high temperatures due to poor 
thermal stability. Thus, the polymerization yield, the molecular weight of the resulting 
polymers, and the amount of catalyst used are not at practical desired levels, as in the 
case of general olefins having polar functional groups. When an excess of catalyst is 
used, the resulting polymer is colored or its transparency is deteriorated. 

[10] Therefore, there is a demand for a novel catalyst system capable of producing a 

cyclic olefin polymer having polar functional groups from a small amount of catalyst 
which has thermal and chemical stability to solvents, monomers, moisture and oxygen 
by simultaneously and properly controlling a cocatalyst structure and a procatalyst 
structure. 

Disclosure of Invention 

Technical Solution 

[ 1 1] The present invention provides a catalyst system capable of producing a cyclic 
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|12] 



[131 



[15] 



[16] 



[17) 



olefin polymer having polar functional groups and a high molecular weight in a high 
yield. The catalyst system has good thermal and chemical stability, and thus is not de- 
activated due to polar functional groups. 

The present invention also provides a method for producing a cyclic olefin polymer 
having polar functional groups and a high molecular weight in a high yield by using 
the catalyst system. 

The present invention also provides a cyclic olefin polymer with polar functional 
groups that has a high glass transition temperature, desirable thermal and oxidative 
stability , desirable chemical resistance and adhesion to metal. 

The present invention also provides an optical anisotropic film made from a cyclic 
olefin polymer having polar functional groups. 

According to an aspect of the present invention, there is provided a catalyst system 
for producing cyclic olefin polymers having polar functional groups, which comprises: 

i) a procatalyst represented by formula (1 ) containing a group 10 metal and a ligand 
containing hetero atoms bonded to the metal; 

ii) acocalalyst represented by formula (2) including a salt compound which is 
capable of providing a phosphonium cation and an anion weakly coordinating to the 
metal of the procatalyst 



[18] 



[19] 
[20] 



[21] 



[22] 
[23] 




2-p 



(1) 



20 



where X is a hetero atom selected from S, O and N; 

R is - CH=CHR 20 , -OR 20 , -SR 2H , -N(R% -N=NR 20 , -P(R\ -C(0)R 20 , -C(R 20 )=NR 
-C(0)OR 20 , -OC(0)OR 2 °, -OC(0)R 20 , -C(R 20 )=CHC(O)R 2H , -R 31 C(0)R 2 °, -R 21 
C(O)OR i0 or -R 2l OC(0)R 20 , where R 20 is a hydrogen, a halogen, a linear or branched C 
m alkyl, a linear or branched C s haloalkyl, a linear or branched C [o cycloalkyl, a 
linear or branched C ^ alkenyl, a linear or branched haloalkenyl, or an optionally 
substituted C ? ^ aralkyl, and R 21 is a C | hydrocarbylenc; 

R 2 is a linear or branched C ^ alkyl, alkenyl or vinyl, a C 5 cycloalkyl optionally 
substituted by a hydrocarbon, a C aryl optionally substituted by a hydrocarbon, a C 
aralkyl optionally substituted by a hydrocarbon, or C alkynyl; 
M is a group 10 metal; and 
p is an integer from 0 to 2, and 
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124] L(R )-P(R ) (R ) fZ(R_) ] ][Ani] (2) 

3 4 a 4 b ;> d c 

[25] where each of a, b and c is an integer from 0 to 3, and a-t-b+c = 3; 

[26] ZisO,S,SiorN; 

[27] d is 1 when Z is O or S, d is 2 when Z is N, and d is 3 when Z is Si; 

[28J & 3 is a hydrogen, an alkyl, or an aryl; 

[29] each of R^, R^ and is a hydrogen; a linear or branched alkyl, alkoxy, allyl, 

alkenyl or vinyl; a C cycloalkyi optionally substituted by a hydrocarbon ; a C aryl 

.VI 2 6-40 

optionally substituted by a hydrocarbon ; a C ? ^ aralkyl optionally substituted by a hy- 
drocarbon ; a C 3 ^ alkynyl; a tri(linear or branched C j alkyl)silyl; a tri(linear or 
branched C } ^ alkoxy)silyh a tri(optionally substituted C cycloalkyl)silyl; a 
lri(optionally substituted C aryl)silyl; a tri(optionally substituted C aryioxy)silyl; 
a tri(linear or branched C ^ alkyl)siloxy; a tri( optionally substituted 
cycloalkyl)siloxy; or a tri(optionally substituted C aryl)siloxy, in which each 

6-40 

substituent is a halogen or haloalkyl; and 
[30] [ Ani] is an anion capable of weakly coordinating to the metal M of the procatalyst 

and is selected from the group consisting of borate, aluminate, [SbF ]-, [ PF h [ AsF 

6 6 6 

h perfluoroacetatedCF^ CO n J-), perfluoropropionateftC^COJ-), perfluo- 
robutyrate([CF CF CF CO R perchlorate([ CIO ]-), p- toluenesulfonate( [p- CH C H 

3 2 2 2 4 3 6 

SO ]-), (SO CF J-, boratabenzene, and carborane optionally substituted with a halogen 



A 



[3 1 ] In the catalyst system, the borate or aluminate of formula (2) may be an anion 

represented by formula (2a) or (2b): 
[32] [M'(R 6 ) 4 J (2a), 

[33] [M'(OR ) J (2b) 

6 4 

[34] where M* is B or Al; 

[35] R 6 is a halogen, a linear or branched C ^ alkyl or alkenyl optionally substituted by 

a halogen, a C cycloalkyi optionally substituted by a halogen, a C aryl optionally 

3-J2 '*" 6-40 

substituted by a hydrocarbon, a C aryl optionally substituted by a linear or branched 

6-40 

C trialkylsiloxy or a linear or branched C triarylsiloxy, or a C aralkyl 

3-20 ' ' 18-48 J J 7-15 J 

optionally substituted by a halogen. 
[36] In the catalyst system, the procatalyst represented by formula ( 1 ) and the cocatalyst 

represented by formula (2) may be a group 10 metal containing compound represented 
by formula (3) and a phosphonium compound represented by formula (4), respectively; 

[37] 
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[36] 



[37] 



[38] 
[39] 



[40] 
[41] 
[42] 
[43] 



[45] 



[46] 



C trialkylsiloxy or a linear or branched C triarylsiloxy, or a C aralkyl 

3- 20 1848 7-15 

optionally substituted by a halogen. 

In the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a group 10 metal containing compound represented 
by formula (3) and a phosphonium compound represented by formula (4), respectively; 



M 



R 2 



s 



(3) 



where each of X' and Y 1 is a hetero atom selected from S and O; 

each of R \ R \ R ' and R " is a linear or branched C alkyl, alkenyl or vinyl; a C 

12 2 2 1-20 

s-12 c y cIoaIlc y 1 optionally substituted by a hydrocafcon; a C aryl optionally 
substituted by a hydrocaibon; a C aralkyl optionally substituted by a hydrocaibon; 

7-15 

or a C alkynyl; 

3-20 

M is a group 10 metal; and 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
[IMP(R ) ][Ani] (4) 

4 3 

where is a hydrogen; a linear or branched C alkyl, alkoxy, allyl, alkenyl or 
vinyl; an optionally substituted C cycloalkyl; an optionally substituted C aryl; an 

3-12 " 640 

optionally substituted C aralkyl; or a C alkynyl, in which each substituent is a 

7-15 3-20 

halogen or a C haloalkyl; and 

1-20 

[Ani] is an anion capable of weakly coordinating to the metal M of the procatalyst 
represented by formula (1) and is selected from the group consisting of borate, 
aluminate, [SbF [ PF [ AsF fi ]~, perfluoroacetate([CF CO ]-), perfluoro- 
propionate([C F 5 CO^), perfluorobutyrateCfCF^F^CF CO R perchlorate([ CIO ]-), 
p- toluenesulfonate( [p- CH C H SO ]-)> [SO CF boratabenzene, and caiborane 

3 6 4 3 3 3 

optionally substituted by a halogen. 

In die catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a palladium compound represented by formula (3a) 
and a phosphonium compound represented by formula (4), respectively; 



22- 1 0.201 

i 



it 
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R 




Pd 
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[48] 
[49] 
[50] 
[51] 



[52] 



[53] 



[54] 



[55] 



[56] 



[57] 



[58] 



(3a) 

where each of R ', R ', R ' and R " is a linear or branched C alkyl, allcenyl or 

12 2 2 1-20 J J 

vinyl; a C cycloalcyl optionally substituted by a hydrocaibon; a C aryl optionally 

5*12- 6-40 

substituted by a hydrocaibon; aC aralkyl optionally substitated by a hydrocaibon; 
or a C alkynyl; and 

3-20 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
[H-P(R ) J[Ani] (4) 

4 3 

where R and [Ani] are as defined above. 

4 

In the catalyst system, the procatalyst may be a compound represented by formula 
(1) in which the metal is Pd, p is 2, and the ligand having a hetero atom directly co- 
ordinating to the metal is acetylacetonate or acetate, and the cocatalyst may be a 
compound represented by formula (2) m which b is 0, c is 0, R is H, and R is 

3 4 

cyclohexyl, isopropyl, t-butyl, n-butyl or ethyl. 

In the catalyst system, the molar ratio of the cocatalyst to the procatalyst is in the 

range of 0.5: 1 to 10:1. 

In the catalyst system, a catalyst mixture including the procatalyst and the 

cocatalyst may be supported on an inorganic support- 
In the catalyst system, the inorganic support may be at least one selected from the 

group consisting of silica, titania, silica/chromia, silica/chromia/titania, silica/alumina, 

aluminum phosphate gel, silanized silica, silica hydrogel, montmorillonite clay and 

zeolite. 

In the catalyst system, the catalyst mixture including the procatalyst and the 
cocatalyst may be dissolved in an organic solvent selected from the group consisting of 
dichloromethane, dichloroethane, toluene, chlorobenzene and a mixture thereof. 

In the catalyst system, the catalyst mixture may include a metal catalyst complex 
composed of the procatalyst and the cocatalyst. 

According to another aspect of the present invention, there is provided a method of 
producing cyclic olefin polymers having polar functional groups, which comprises: 

preparing the catalyst system mixture according to the previous aspect of the 
present invention; and 
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[62] 
[63] 
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[65] 



[66] 



addition-polymerizing cyclic olefin monomers having polar functional groups in 
the presence of an organic solvent and the catalyst system mixture at a temperature of 
80-150 °C . 

In the method, the cyclic olefin monomer is a compound represented by formula 

(5): 




(5) 

where m is an integer from 0 to 4; 

at least one of R , R ', R ' and R " is a polar functional group and the others are 

7 7 7 7 

nonpolar functional groups; 

R.R'.R'andR" can be bonded together to form a saturated or unsaturated C 

77 4-X2 

cyclic group or a C aromatic ring; 

6-24 

the nonpolar functional group is a hydrogen; a halogen; a linear or branched C 

J -20 

alkyi, haloalkyl, alkenyl or haloalkenyl; a linear or branched C alkynyl or 

3-20 

haloalkynyl; a C cycloalkyl optionally substituted by an alkyi, an alkenyl, an 
alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; a C aryl optionally 

6-40 

substituted by an alkyi, an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or 
haloalkynyl; or a C aralkyl optionally substituted by an alkyi, an alkenyl, an alkynyl, 
a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; 

the polar functional group is a non-hydrocaibonaceous polar group having at least 
one O, N, P, S, Si or B and is -R 8 OR 9 , -OR 9 , -OC(0)OR 9 , -R 8 OC(0)OR 9 , -C(0)R 9 , -R B 
C(0)OR 9 , -C(0)OR 9 , -R 8 C(0)R 9 , -OC(0)R 9 , -R 8 OC(0)R 9 , -(R 8 0) -OR 9 , -(OR 8 ) -OR 9 , 



-C(0)-0-C(0)R', -R°C(0)-O-C(0)R s , -SR 9 , -R 8 SR 9 , -SSR 8 , -R 8 SSR 9 , -S(=0)R 9 ,"-R 
S(=0)R 9 , -R 8 C(=S)R 9 , -R 8 C(=S)SR 9 , -R 8 SO R 9 , -SO R 9 , -R 8 N=C=S, -NCO, R 8 -N 
CN, -R 8 CN, -NNC(=S)R \ -R 8 NNC(=S)R 9 , -NO , -rV> , 

2 2 



8, 



[67] 
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OR 
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8 



where each of R B and R n is a linear or branched C alkylene, haloaikylene, 
alkenylene or haloalkenylene; a linear or branched alkynylene or haloalkynylene; 
a C cycloalkylene optionally substituted by an alkyi, an alkenyl, an alkynyl, a 
halogen, a haloalkyl. a haloalkenyl or haloalkynyl; a C aryiene optionally 
substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or 
haloalkynyl; or a ^ aralkylene optionally substituted by an alkyl, an alkenyl, an 
alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; 

9 10 I"* J 3 

each of R , R , R * and R is a hydrogen; a halogen; a linear or branched C 

I -20 

alkyl, haloalkyl, alkenyl or haloalkenyl; a linear or branched ^ alkynyl or 
haloalkynyl; a C cycloalkyl optionally substituted by an alkyl, an alkenyl, an 
alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; a C aryl optionally 
substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or 
haloalkynyl; aC aralkyl optionally substituted by an alkyl, an alkenyl, an alkynyl, a 
halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or an alkoxy, an haloalkoxy, a 
carbonyloxy or a halocarbonyloxy; and 
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k is an inteeer from 1 io 10. 

In the method, a total amount of the organic solvent may be 50-800% based on the 
weight of the total monomer in the monomer solution 

In the method, the catalyst mixture may be added in a solid phase to the monomer 
solution. 

In the method, the amount of the catalyst mixture may be such that a molar ratio of 
the procatalyst to the total monomer is i:2,50O to 1:200,000. 

In the method, the monomer solution may further include a cyclic olefin compound 
having no polar functional group. 

In the method, the monomer solution may further include a linear or branched C 
olefin. 

According to another aspect of the present invention, there is provided a polymer 
produced using the method described above, which is an addition polymer of a cyclic 
olefin monomer having a polar functional group represented by formula (5) and has a 
weight average molecular weight M of 1 0,000- 1 ,000,000: 




[84 J 



(5) 

where m, R^, R ? \ R ? ' and R ? " are as defined above. 

The cyclic olefin polymers having polar functional groups may include a cyclic 
olefin homopolymer, a copolymer of cyclic olefin monomers having different polar 
functional groups, or a copolymer of a cyclic olefin monomer having a polar functional 
group and a cyclic olefin monomer having no polar functional group. 

According to another aspect of the present invention, there is provided an optical 
anisotropic film including a cyclic olefin polymer having a polar functional group. 

The optical anisotropic film may have a retardation value R represented by 
Equation (1) of 70- 1000 nm: 

R... = A (n - n.) x d 

(1) 

where n is the refractive index along an in-plane fast axis measured at 550 nm; n is 
the refractive index in a direction through the film thickness measured at 550 nm; and 
d is the thickness of the anisotropic film. 

The optical anisotropic film may be 
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[83] where n is the refractive index along an in-plane fast axis measured at 550 nm; n 

is the refractive index in a direction through the film thickness measured at 550 nm; 
and d is the thickness of the anisotropic film. 

[84] The optical anisotropic film may be 

[85] a negative C-plate type optical compensation film for liquid crystal display, 

[86] satisfying 

[87] 

:n x sn y <n z 

[88] , where n is the refractive index along an in-plane slow axis. 

Advantageous Effects 

[89] The catalyst system for polymerization of olefin according to the present invention 

has good thermal and chemical stability, and thus, in the method of preparing 
polyolefm using the catalyst system, the deactivation of a catalyst due to a polar 
functional group of the monomer can be prevented, and thus a high yield of the cyclic 
olefin polymer with a high molecular weight can be obtained when a ratio of the 
catalyst to the monomer is 1 ;5000, and the removal of a catalyst residue is not 
required. 

Description of Drawings 

[90] Figure 1 represents a molecular structure of tricyclohexylphosphonium 

(tefrakispentafluorophenyl)borate. 

Best Mode 

[91] A catalyst system for polymerization of olefin according to the present invention 

has good thermal and chemical stability, and thus, in a method of preparing polyolefin 
using the catalyst system, the deactivation of a catalyst due to a polar functional group 
of the monomer can be prevented, and thus a high yield of the cyclic olefin polymer 
with a high molecular weight can be obtained from a small amount of the catalyst and 
the removal of a catalyst residue is not required. 

[92] A catalyst system according to an embodiment of the present invention includes: 

(i) aprocatalyst represented by formula (1) containing a group 10 metal and a ligand 
containing hetero atoms bonded to the metal and ( ii) a cocatalyst represented by 
formula (2) including a salt compound which is capable of providing a phosphonium 
cation and an anion weakly coordinating to the metal of the procatalyst T he 
procatalyst is very stable even in the presence of a monomer having a polar functional 
group and the phosphonium cocatalyst does not generate an amine, which is produced 
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[93] 

[94] 
[95] 
[96] 



[97] 



[98] 



[99] 



[100] 
[101] 



by ammonium borate and poisons a catalyst. Further, in a reaction between the 
procatalyst and the cocatalyst, a phosphine is formed to stabilize the cationic species, 
thereby inhibiting the deactivation of the catalyst by a polar functional group of a 
monomer. 

In the catalyst system, the borate or aluminate of formula (2) may be an anion 
represented by formula (2a) or (2b): 
[M'(R) 4 ](2a), 
[M(OR) ](2b) 

6 4 

where M' is B or Al; R is a halogen, a C allcyl or allcenyl optionally substituted 
by a halogen, a C cycloalkyl optionally substituted by a halogen, a C aryl 

* 6-40 

optionally substituted by a C hydrocaibon, a C aryl substituted by a linear or 

3-20 g_4Q 

branched C trialkylsiloxy or a linear or branched C triarylsiloxy, or a C 

3-ZO 1M8 ■> J' 

aralkyl optionally substituted by a halogen. 

In the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a compound represented by formula (3) and a 
compound represented by formula (4), respectively; 



7-15 



,1 *i 



X 

R.j 



M 



R St 



(3) 



where each of X' and Y" is a hetero atom selected from S and O; each of R ', R ', R 
R z " is a linear or branched C ^ alkyl, allcenyl or vinyl, a C cycloallcyl optionally 
substituted by a hydrocaibon, a C aryl optionally substituted by a hydrocaibon, a C 
7 js aralkyl optionally substituted by a hydrocaibon, or a C allcynyl; M is a group 1 0 
metal; and each of r and s is an integer from 0 to 2 and r+s = 2, and 

[H-P(R ) ][Ani] (4) 

4 3 

where R^ is a hydrogen, a linear or branched C ( allcyl, alkoxy, ally!, allcenyl or 
vinyl, an optionally substituted C cycloalkyl, an optionally substituted C arvl an 

3 "* 2 ' 6-40 

optionally substituted C aralkyl, or a C alkynyl, in which each substituent is a 

/"lo 3-20 

halogen or a C ^ haloalkyl; and [Ani] is an anion capable of weakly coordinating to 
the metal M of the procatalyst represented by formula (1) and is selected from the 
group consisting of borate, aluminate, [SbF ]-, [ PF ]-, [ AsF g ]-, perfluoroacetate([CF 
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[102] 



[103] 



[105] 
[106] 
[107] 



[108] 



[109] 



3 CO, ]-)» perfluoropropionate([C 2 F CO ]-), perfluorobutyrate([CF CF CF CO ]-), 
perchlorate([ CIO ]-), p- toluenesulfonate( [p- CH C H SO ]-), [SO CF ]- 2 bo- 2 

4 3643 33 

ratabenzene, and caiborane optionally substituted by a halogen . 

In the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a palladium compound represented by formula (3a) 
and a phosphonium compound represented by formula (4), respectively; 



i 

D — iz' 




is 111 



9. 



5 



(3a) 



[104] where each of R ', R ' R ' and R " is a linear or branched C alkyl, alkenyl or 

12 2 2 j„20 

vinyl, a C ^ cycloalkyl optionally substituted by a hydrocarbon, a C aryl optionally 



substituted by a hydrocarbon, a C ^ aralkyl optionally substituted by a hydrocafcon, 

° r a C 3-2o aUc y n y I; and each of r and s is an integer from 0 to 2 and r+s = 2, and 
[H-P(R ) ][Ani] (4) 

In me procatalyst represented by formula (1), the metal may be Pd, p may be 2, and 
the ligand having a hetero atom directly coordinating to Pd may be acetylacetonate or 
acetate, and in the cocatalyst including a salt compound having a phosphonium 
represented by formula (2), b may be 0, c may be 0, R may be H, and R may be 
cyclohexyl, isopropyl, t-butyl, n-butyl or ethyl. 

A catalyst mixture forming the catalyst system of the present embodiment and 
including (i) a procatalyst represented by formula (1) containing a group 10 metal and 
a ligand containing hetero atoms bonded to the metal and ( ii) a cocatalyst represented 
by formula (2) including a salt compound which is capable of providing a 
phosphonium cation and a weakly coordinating anion does not decompose at the poly- 
merization temperature of 80-150 °C, is stable in the presence of polar functional 
groups, and shows high activity. 

The phosphonium compound used as the cocatalyst in the catalyst system has an 
electronically stabilizing ability and thermally and chemically activates transition 
metal compounds. In the catalyst system, me molar ratio of the cocatalyst to the 
procatalyst containing the group 10 transition metal is in the range of 0.5:1-10:1. When 
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the molar ratio of the cocatalyst to the procatalyst is less than 0.5 :1, the effect of 
activating the procatalyst is insufficient When the molar ratio of the cocatalyst to the 
procatalyst is greater man 10:1, an excess of a phosphonium compound coordinates to 
the metal to prevent a no&ornene monomer from coordinating to the metal and the 
cationic catalyst active species is too electronically stabilized to interact with the 
double bond of a noibornene monomer, thereby resulting in a decrease in both poly- 
merization yield and molecular weight. 
[1 10] The catalyst mixture including the procatalyst and the cocatalyst may be supported 
on an inorganic support. The inorganic support may be silica, titania, sitica/chromia, 
smca/chromia/titania, silica/alumina, aluminum phosphate gel, silanized silica, silica 
hydrogel, montmorillonite clay or zeolite. When the catalyst mixture is supported on 
an inorganic support, a molecular weight distribution of a polymer can be conlrolled 
by appropriately selecting the inorganic support and the polymer morphology can be 
improved. 

[Ill] T he catalyst mixture can be used in a solid phase without a solvent or can be 

mixed in a solvent to form a preformed catalyst in the form of a mixture or a complex 
of the respective catalyst components, i.e. the group 10 metal compound and the 
phosphonium compound . Further, each of the catalyst components can be directly 
added to the polymerization reaction system without being preformed. Solvents in 
which t he catalyst mixture may be dissolved include dichloromethane, dichloroethane, 
toluene, chlorobenzene or a mixture thereof. 

[1 12] The catalyst mixture may be a metal catalyst complex composed of the procatalyst 
and the cocatalyst. 

[113] A method of producing cyclic olefin polymers having polar functional groups 
according to an embodiment of the present invention includes : preparing a catalyst 
mixture including (i) a procatalyst represented by formula (1) containing a group 10 
metal and a ligand containing hetero atoms bonded to the metal and ( ii) a cocatalyst 
represented by formula (2) including a salt compound which is capable of providing a 
phosphonium cation and an anion weakly coordinating to the metal of the procatalyst; 
and addition-polymerizing cyclic olefin monomers having polar functional groups in ' 
the presence of an organic solvent and the catalyst mixture at a temperature of 80-150 

[114] As to a polymerization temperature, in the case of general organ ometallic poly- 
merization catalysts, when the polymerization temperature increases, the poly- 
merization yield increases, whereas a molecular weight of a polymer decreases or 
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catalysts lose the polymerization activity by thermal decomposition (Kaminsky et al. 
Angew. Chem. Int. Ed., 1985, vol 24, 507; Brookhart et al. Chem. Rev. 2000, vol 100, 
1169; Resconi et al. Chem. Rev. 2000, vol 100, 1253). When the polymerization 
temperature increases, p -hydrogen of a growing polymer chain bonded to the metal is 
eliminated and the growing polymer chain departs from the metal, thereby resulting in 
a decrease of the molecular weight. 
[115] Meanwhile, a polar group of a noibornene monomer interacts with the catalyst at 
room temperature to prevent the double bond of a noibomene from coordinating to an 
active site of the catalyst, thereby resulting in a decrease in the polymerization yield 
and the molecular weight. However, when the polymerization temperature increases, 
the double bond of a noibornene is easy to insert into the metal-growing polymer chain 
bond to increase the activity and a p -hydrogen of a growing polymer chain bonded to 
the metal cannot form a stereo structural environment to be eliminated where it can 
interact with the catalyst in view of inherent properties of the noibomene monomer, 
thereby increasing the molecular weight of the polymer (Kaminsky et al. Macromol. 
Symp. 1995, vol 97, 225). Thus, it is necessary to increase the polymerization 
temperature. However, most catalysts conventionally used to produce polynoibornenes 
having polar functional groups tend to decompose at 80 °C or higher, and thus 
polymers having high molecular weights cannot be obtained with a high yield. 
[116] However, the catalyst of the present embodiment is structurally stable at 80 °C or 
higher and prevents an interaction between the polar functional group of the 
noibornene monomer and the cationic catalyst, and uius a catalyst active site can be 
formed or recovered, thereby producing a high molecular weight cyclic olefin polymer 
having a polar functional group with a high yield. When the polymerization 
temperature is higher than 150 °C , catalyst components are decomposed in solution, 
and thus it is difficult to produce a cyclic olefin polymer having a polar functional 
group and a high molecular weight with a high yield. 
[117] The cyclic olefin monomer used in the method is a noibornene-based monomer 
having a polar functional group. A noibornene-based monomer or noibornene 
derivative is a monomer having at least one noibornene (bicycIo[2.2.2]hept-2-ene) 
unit The noibornene-based monomer is represented by formula (5): 

[118] 
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[119] 




[120] 



(5) 

where m is an integer from 0 to 4; at least one of R , R ', R ' and R " is a polar 
functional group and the others are nonpolar functional groups'; R , R R ' and R " can 
be bonded together to form a saturated or unsaturated C cyclic group or a C ? 
aromauc ring, in which the nonpolar functional group is a hydrogen, a halogen, a 
linear or branched C ^ alky!, haloalkyl, alkenyl or haloalkenyl, a linear or branched C 
3 ao alkynyl or haloalkynyl, a cycloalkyl optionally substituted by an alkyl, an 
alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl, a C aryl 
optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, a 
haloalkenyl or haloalkynyl, or a C ^ aralkyl optionally substituted by an alkyl, an 
alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; and toe polar 
functional group is a non-hydrocaftonaceous polar group having at least one O, N, P, 
S, Si or B and is -R 8 OR 9 , -OR 9 , -OC(0)OR 9 , -R 8 OC(0)OR 9 , -C(0)R 9 , -R 8 C(0)OR 9 - 
C(0)OR 9 , -R 8 C(0)R 9 , -OC(0)R 9 , -R 8 OC(0)R 9 , -(R 8 0 ) -OR 9 , -(OR 8 ) -OR 9 - 
C(0)-0-C(0)R 9 , -R 8 C(0)-0-C(0)R 9 , -SR 9 , -R 8 SR 9 -SSR 8 , -R B SSR 9 , k -S(=0)R 9 -R 8 
S(=0)R 9 ,.-R 8 C(=S)R 9 , -R 8 C(=S)SR \ -R 8 S OR 9 , -SO R 9 , -R 8 N=C=S, -NCO, R 2 -NCO - 
CN, -R 8 CN, -NNC(=S)R 9 , -R 8 NNC(=S)R 9 , ^NO , -R*NO , 
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an alkynyl, a halogen, a haloalkyi, a haloalkenyl or haloalkynyl, a C ? ^ aralkyl 
optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyi, a 
haloalkenyl or haloalkynyl, or an alkoxy, an haloalkoxy, a carbonyloxy or a halo- 
carbonyloxy; and k is an integer from 1 to 10. 

[ 122] In the polymerization method, the total amount of the organie solvent in the 

reaction system may be 50-800%, and preferably 50-400%, by weight based on the 
total weight of the monomer in the monomer solution. When the total amount of the 
organie solvent in the reaction system is less than 50% based on the total weight of the 
monomer in the monomer solution, the mixing during the polymerization reaction is 
difficult due to the high viscosity of the polymer solution. When the total amount of 
the organic solvent in the reaction system is greater than 800% based on the total 
weight of the monomer in the monomer solution, both the polymerization yield and the 
molecular weight are reduced due to a low polymerization rate. 

[123] In the polymerization method, the molar ratio of the catalyst mixture based on the 
group 10 transition metal compound to the monomers contained in the monomer 
solution is in the range of 1:2,500 - 1 :200,000. This ratio of the catalyst to the 
monomers is far smaller than that used in a conventional polymerization reaction 
system for preparing a polar cyclic olefin polymer, however it is sufficient to exhibit 
catalytic activity in the method of preparing a high molecular weight cyclic olefin 
polymer according to the present embodiment. Preferably, the molar ratio of the 
catalyst system to the monomers is in the range of 1 : 5,000-1: 20,000 . 

[124] In the method, the monomer solution may further include cyclic olefin having a 
non-polar functional group. 

[ 1 25] In the method, norbomene monomers and catalysts are dissolved in a solvent, 

mixed, and then polymerized, as a conventional polymerization method of norbomene 
polymer. By performing the method of the present embodiment, the cyclic olefin 
polymer containing polar functional groups having a molecular weight of 100,000 or 
more can be prepared with a yield of 40% or higher. In order to fabricate an optical 
film using the cycloolefin polymer, the molecular weight of the cycloolefm polymer is 
preferably controlled to 100,000-1,000,000. To control the molecular weight, a linear 
or branched cyclic C olefin may be further used. Examples of the olefin include 

I -20 

1-hexene, 1-octene, cyclopentene, ethylene, etc. Such an olefin is added to the end of 
an extending polymer chain and a (3 -hydrogen of the added olefin is easily eliminated, 
thereby producing a polymer having a desirable molecular weight. 
[126] In a conventional polymerization method, cyclic olefin polymers containing polar 
functional groups are prepared with a very low yield and a low molecular weight , 
whereas the present method produces a high molecular weight cycloolefin polymer 
containing polar functional groups with a high yield. 
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[ 1 27] A cyclic olefin polymer having a polar group according to an embodiment of the 
present invention is provided. Preferably, a norbornene-based polymer having a polar 
functional group produced according to the method of the previous embodiment is an 
addition-polymer of a cyclic olefinic monomer represented by formula (5) and has a 
weight average molecular weight (M ) of 10,000-1,000,000. 

w 

[1281 A norbornene addition polymer having a polar functional group produced using the 
method of the present embodiment includes at least 0. 1-99.9 mol% of a norbornene- 
based monomer having a polar functional group, in which the norbornene having a 
polar functional group is composed of a mixture of endo and exo isomers and the dete- 
rioration of the catalytic activity by endo-isomers containing polar functional groups 
can be avoided and thus a composition ratio of the mixture is not critical for poly- 
merization performance. 

[ 1 29] In accordance with the method of the invention, a homopolymer is prepared by 

polymerizing same norbornene-based monomer containing a polar functional group, or 
a copolymer including di-, tri- and multi-copolymers is prepared by polymerizing 
different polar functional norbornene-based monomers, or a copolymer including di-, 
tri- and multi-copolymers is prepared by polymerizing a polar functional norbornene- 
based monomer and a norbornene monomer having a non-polar functional group. 

[ 1 30] The norbornene-based polymer containing polar functional groups prepared in 
accordance with the method of the present invention is transparent, has sufficient 
adhesion to metals or polymers containing different polar functional groups, thermal 
stability and strength, and exhibits a low dielectric constant sufficient to be used as 
insulating electronic materials. The cyclic olefin polymer produced by the present 
invention has a desirable adhesion to substrates of electronic components without 
requiring a coupling agent, and at the same time, a sufficient adhesion to metal 
substrates, e.g., Cu, Ag and Au. Further, the cyclic olefin polymer of the present 
invention exhibits desirable optical properties so that it can be used as materials for 
protective films of polarizing plates and electronic components such integrated circuits 
(ICs), printed circuit boards, multichip modules, and the like. 

[131] The polymer of the present embodiment can be used to produce an optical 

anisotropic film capable of controlling birefringence, which could nol be produced 
with the conventional method. 

[ 1 32] A conformational unit of a general cyclic olefin has one or two stable rotation 

conditions, and thus can achieve an extended form such as polyamide having a rigid 
phenyl ring as a backbone. When a polar functional group is introduced into a 
norbornene-based polymer with an extended form, the interaction between molecules 
increases compared to polymers having simple forms, and thus packing of molecules 
has a directional order, thereby producing optical and electronic anisotropy. 
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[ 1 33 J The birefringence can be controlled according to the type and the amount of the 

polar functional group in the cyclic olefin polymer In particular, the birefringence in a 
direction through the film thickness is easily controlled, and thus the polymer of the 
present embodiment can be used to produce an optical compensation film for various 
modes of a liquid crystal display (LCD). 

1 134] The optical anisotropic film of the cyclic olefin polymer having a polar functional 
group can be prepared by solution casting or can be prepared with a blend of one or 
more cyclic olefin polymers. 

[135] In order to prepare a film by solution casting, it is preferable to introduce a cyclic 
olefin polymer in a solvent in amount of 5-95% by weight, and preferably 10-60% by 
weight, and stirring the mixture at room temperature. The viscosity of the prepared 
solution is 100-10,000 cps, and more preferably 300-8000 cps for solution casting. To 
improve the mechanical strength, heat resistance, light resistance, and manipulability 
of the film, additives such as a plasticizer, an anti -deterioration agent, a UV stabilizer 
or an antistatic agent can be added. 

[136] The optical anisotropic film thus prepared has a retardation value (R ) of 70 to 1000 

lh 

nm, as defined by the following Equation 1 : 

[137] 

FC = A (n - n J x d 
(1) 

[138] where n is the refractive index along an in-plane fast axis measured at 550 nm, n is 

y z 

the refractive index toward thickness direction measured at 550 nm, and d is a film 
thickness. 

[ 1 39] The optical anisotropic film satisfies 

n n. . ru 

[ 140] , where n is the refractive index along an in-plane slow axis, and thus can be used 

X 

as a negative C-plate type optical compensation film for an LCD. 

[ 141 ] Hereinafter, the present invention will be described in more detail with reference to 
the following Examples. However, these Examples are given for the purpose of il- 
lustration and are not to be construed as limiting the scope of the invention. 

[142] In the following Preparation Examples and Examples, all operations handling 
compounds sensitive to air or water were carried out using a standard Schlenk 
technique or a dry box technique. Nuclear magnetic resonance spectra were obtained 
using a Bruker 3 00 spectrometer . 'H NMR was obtained at 300 MHz, °C NMR at 75 
MHz. The molecular weight and the molecular weight distribution of a polymer were 
determined by gel permeation chromatography (GPC) using standard polystyrene 
samples. Thermal analysis, such as TGA and DSC, was performed using TA 
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nofcornene-based polymer with an extended form, the interaction between molecules 
increases compared to polymers having simple forms, and thus packing of molecules 
has a directional order, fherdjy producing optical and electronic anisotropy. 

[1 33] The birefringence can be controlled according to the type and the amount of the 

polar functional group in the cyclic olefin polymer. In particular, the birefringence in a 
direction through the film thickness is easily controlled, and thus the polymer of the 
present embodiment can be used to produce an optical compensation film for various 
modes of a liquid crystal display (LCD). 

[134] The optical anisotropic film of the cyclic olefin polymer having a polar functional 
group can be prepared by solution casting or can be prepared with a blend of one or 
more cyclic olefin polymers. 

[135] In order to prepare a film by solution casting, it is preferable to introduce a cyclic 
olefin polymer in a solvent in amount of 5-95% by weight, and preferably 10-60% by 
weight, and stirring the mixture at room temperature. The viscosity of the prepared 
solution is 100-10,000 cps, and more preferably 300-8000 cps for solution casting. To 
improve the mechanical strength, heat resistance, light resistance, and manipulability 
of the film, additives such as a plasticizer, an anti-deterioration agent, a UV stabilizer 
or an antistatic agent can be added. 

[ 1 36] The optical anisotropic film thus prepared has a retardation value (R ) of 70 to 
1000 nm, as defined by the following Equation 1 : 

[137] 

(1) 

[138] where n is the refractive index along an in-plane fast axis measured at 550 nm, n 
is the refractive index toward thickness direction measured at 550 nm, and d is a film 2 
thickness. 

[139] The optical anisotropic film satisfies 

•n x s n y <n 2 

[140] , where n^ is the refractive index along an in-plane slow axis, and thus can be used 
as a negative C-plate type optical compensation film for an LCD. 

[141] Hereinafter, the present invention will be described in more detail with reference to 
the following Examples. However, these Examples are given for the purpose of il- 
lustration and are not to be construed as limiting the scope of the invention. 

[142] In the following Preparation Examples and Examples, all operations handling 
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250 mL Schlenk flask. Then, anhydrous HC1 (20.0 mL, 1.0 M in elher) was added to 
the solution at room temperature to give a white solid After stirring for about 20 
minutes, the solid was filtered through a glass filter and washed three times with Et O 

2 

(80 mL). Thereafter, the residual solvent was removed at room temperature in vacuum 
to obtain (n-Bu) PHC1 (90%, 2.15 g). 

3 

[ 156] Preparation Example 5: Preparation of [(Cy) PH][B(C F ) ] 

[157] [LiJ[B(C F ) ] ( 1 .0 g, 1 .46 mmol) was suspended in CH CI (20 mL) in a 1 00 mL 

6 5 4 7 2 

Schlenk flask and the CH C\ (20 mL) solution of (Cy) PHC1 (0.56 g, 1.75 mmol) 
prepared in Example 3 was slowly added thereto. After stirring for 1 hour, the resulting 
slurry was filtered to yield a dark yellow filtrate and the solvent was removed in 
vacuum to obtain tric y c]ohexylphos P honium(tetrakispentafluorophenyl)bor a< e [(Qr), 
PHUB(C 6 F ) 1 (90%, 1.26 g). 
[158] 1 H-NMR (600MHz, CD C\): 85.32 -4.65 (d, 1 H, J =440 Hz), 2.43 ~ 1 .33 (m, 
33H); ,3 C-NMR (600MHz, CD~C\ ): 6149.7, 148.1, 139.7, 139.2, 138.1, 138.0, 137.8, 
136.2, 125.1, 124.9, 29.0, 28.8,~26J (d), 25.4 (s). 3! P-NMR (600MHz, CD CL): 31.14 
(d, J =440 Hz). ,9 F-NMR (600MHz, CD CI ): - 1 30.90, -161.51, -163.37/ 

P"H 2 2 

[ 159J Crystals suitable for an X-ray diffraction study were grown from a dichloromethane 
solution. The result of an X-ray crystal structure determination is presented in Figure 1. 
Interestingly, the structure shows that the nonbonding interaction between the 
phosphorous atom of I(Cy) 3 PH] part and the fluorine atom of [B(C F ) ] part exists. 

f 1601 Preparation Example 6: Preparation of [(Cy) PHJl(B(C F ) ) 

3 6 5 4 

[161] f(Cy) 3 PH] [(B(C F ) ) was prepared In the same manner as described in Preparation 
Example 5, except that [Na][B(C F ) J or [MgBr][B(C F ) ] was used instead of [Li] 

654 654 

[B(C F )1. The synthesis yield was about 90%, similar to Example 5. 

6 5 4 * 

f 1 62] Preparation Example 7: Preparation of [(n-Bu) PH][(B(C F ) ) 

3 6 5 4 

1 1 63] [Lil[B(CF s ) 4 ] (1.0 g, 1 .46 mmol) was suspended in CHCI^ (20 mL) in a 100 mL 
Schlenk flask and the CH.C1 (20 mL) solution of (n-Bu) PHC1 (0.42 g, 1.75 mmol) 

2 2 3 

prepared in Example 4 was slowly added thereto. After stirring for 1 hour, the resulting 
slurry was filtered to yield a dark yellow filtrate and the solvent was removed in 
vacuum to obtain tri n-butyiphosphonium(tetrakispentanuorophenyl) borate [(n-Bu) 
PH][B(C 6 F) 4 ](87%J.12g). 
[ 1 64] Preparation Example 8: Preparation of [(t-Bu) PH][(B(C F ) ) 
[165] (t~Bu\P (0.35 g, 1.73 mmol, t~Bu=t~butyl) was dispersed in EK) (30 mL) in a 250 
mL Schlenk flask. Then, anhydrous HC1 (1.9 mL, L0 M in elher) was added to the 
solution at room temperature to afford a white solid. After stirring for about 20 
minutes, the solid was filtered through a glass filter and washed three times with Ei O 

2 

(30 mL). Thereafter, the residual solvent was removed at room temperature in vacuum 
to obtain (t-Bu) 3 PHCl as a white solid. 
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1 166] (t-Bu) 3 PHCl was dissolved in CH Cl^ (10 mL). In a glove box, [Li][B(C F ) ] (1.07 
g, 1.56 mmol) was placed in a 100 mL schlenk flask and dissolved in CH CI (20 mL). 
Then, the (t-Bu) PHCl solution was added dropwise to the [Li][B(C F ) ] solution. 

^ 5 4 

After stirring for 1 hour, the resulting slurry was filtered to yield a green filtrate and 
the solvent was removed in vacuum to obtain tri t- 

butylphosphonium(tetral<ispentafiuorophenyl)borate l(t-Bu) PH][B(C F ) J (67%, 1.05 

3 6 5 4 

(167j ' H-NMR (600MHz, CD CI,)': 65.34 -4.63 (d, 1H, J =440 Hz), 1.61 (d, 27H); 13 
C-NMR (600MHz, CD CI,): 6149.5. 147.9, 139.6, 138.0J37.7, 136.0, 124.4,38.3, 
30.4. 3, P-NMR (600MHz, CD CI ): 63.0 (d, J p j =440 Hz). ,9 F-NMR (600MHz, CD CI 
): -1.33.3, -163.9, -167.8. ' " 3 3 

[168] Preparation Example 9: Preparation of [.(Et) PH][(B(C F ) ) 

[ 169) (Et) P (0.8 g, 6.77 mmol; Et = ethyl) was dispersed in Et O (50 mL) in a 250 mL 

Schlenk flask. Then, anhydrous HC1 (7.4 mL, 1 .0 M in ether) was added to the solution 
at room temperature to afford a white solid. After stirring for about 20 minutes, the 
solid was filtered through a glass filter and the resultant was washed with hexane (30 
mL). Thereafter, the residual solvent was removed at room temperature in vacuum to 
obtain (Et) PHCl as a while solid. 

1 1 70] (Et)^PHCl was dissolved in CH CI ( 10 mL). In a glove box, [Li][B(C F ) ] (4.41 g 
6.43 mmol) was placed in a 100 mL Schlenk flask and dissolved in CH CI (50 mL). 
Then, the (Et) PHCl solution was added dropwise to the [Li][B(C F ) 1 solution. After 
stirring for I hour ? the resulting slurry was filtered to yield a green filtrate and the 
solvent was removed in vacuum to obtain tri- 

ethylphosphonium(tetrakispentafluorophenyI)borate [(Et) PH][B(C F ) ] (54% 2 91 

3 6 5 4 9 

a ) 

f 17 1 ] 1 H-NMR (600MHz, CD 0): 66.06 (m, 0.5H), 5.30 (m, 0.5H), 2.28 (m, 6H), 1.40 
(m, 9H); 13 C-NMR (600MHz", CD CI,) : 6149.5, 147.9, 139.7, 138.0, 137.9, 137.7, 
136.1, 124.6, 10.6 (d), 6.8 (d). 31 P-NMR (600MHz, CD Cl ? ): 26.3 (d). 19 F-NMR 
(600MHz, CD CI ): - 1 33.5, - 163.7, - 1 67.8. 

f 1 72 ] Preparation of cyclic olefin addition-polymers 

[173] Example I: Polymerization of 5-norbornene-2-ailylacetate 

[ 1 74] 5-norbornene-2-allyl acetate (NB-CH i -0-C(0)-CH ) (5 mL, 30.9 mmol, 

NB=norbornene) and toluene (18 mL) were charged into a 250 mL Schlenk flask. 
Palladium acetate (Pd(OAc) 7 )(OAc=acetate, 0.46 mg, 2.06 \i mol) and [(Cy) PH]L(B(C 
ft F ) 4 ) (5.0 mg, 5.2 mol) were dissolved in CH^CI^ ( 1 mL) and added to the monomer 
solution. While the reaction mixture was stirred for 18 hours at 90 °C , the reaction 
mixture became viscous. After the reaction was completed, 100 ml of toluene was 
added to the viscous solution to dilute it. The solution was poured into an excess of 
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ethanol to precipitate a white polymer, which was filtered through a glass funnel, 
washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield 
5~norbomene-2-ailylacctale polymer (4.73 g: 92.2 % by weight based on the total 
weight of used monomers). The weight average molecular weight (Mw) of the polymer 
was 250,071 and Mw/Mn was 2.70. 
1 1 75 ) Example 2: Polymerization of 5-norbornene-2~allylacetate 
[ 176] A polymer of 5-norbornene-2-allylacetate was obtained in the same manner as 
described in Example 1 , except that PdfOAc^ (0J4 mg, 0.62 ji mol) and |(Cy) PH] 
f(B(C F ) ) (1.2 mg, 1 .24 ja mol) were used and the polymerization temperature was 
100 °C . The resulting polymer was obtained in 4.00 g of yield (78 % by weight based 
on the total weight of used monomers). The weight average molecular weight (Mw) of 
the polymer was 262,149 and Mw/Mn was 2.09. 
[ 177 J Example 3: Copolymerization of 5-norbornene~2-al Jylacetate and 
5-butylnorbornene 

[ 178] 5-norbornene-2-allyIacetate (NB-CH 0 -O-C(O)-CH ) (5 mL, 30.9 mmol), 

5-butylnorbornene (1.3 mL, 7.7 mmol), and toluene (7.3 mL) were charged into a 250 
mL Schlenk flask. Pd(OAc) (0.17 mg, 0.77 u, mol) and ((Cy) PH][(B(C F ) ) (1.48 

2 3 6 5 4 

mg, 1.55 mol) were dissolved in CH CI (1 mL) and added to the monomer solution. 

2 2 

While the reaction mixture was stirred for 18 hours at 90 °C , the reaction mixture 
became viscous. After the reaction was completed, 120 ml of toluene was added to the 
viscous solution to dilute it. The solution was poured into an excess of ethanol to 
precipitate a white polymer, which was filtered through a glass funnel, washed with 
ethanol, and dried in vacuo at 80 °C for 24 hours to yield 

5-norbornene-2-allylacetate/5-butylnorboraene copolymer (4.35 g: 69.2 % by weight 
based on the total weight of used monomers). The weight average molecular weight 
(Mw) of the copolymer was 303,550 and Mw/Mn was 2.16. 
[ 179] Example 4: Copolymerization of 5-norbornene-2-allylacetate and 
5-butylnorbomene 

[180] 5-norbornene-2-allylacetate and 5-butylnorbornene were copolymerized in the same 
manner as described in Example 3, except that Pd(OAc)^ (0.09 mg, 039 fi mol) and 
[(Cy) 3 PH][B(C 6 F 5 ) 4 ] (0.74 mg, 0.77 mol) were used. The resulting polymer was 
obtained in 2.9 g of yield (46 % by weight based on the total weight of used m 
onomers). The weight average molecular weight (Mw) of the polymer was 362,680 
and Mw/Mn was 1.96. 

[ 1 8 1 J Example 5: Copolymerization of 5-norbornene-2-alIylacetate, 5-butylnorbornene 

and 5-norbornene-2-carhoxylic methylester 
[ 182] 5-norbornene-2-aIlylacctate (5 mL, 30.9 mmol), 5-butylnorbornene ( 1.2 mL, 6.6 

mmol), 5-norbomene-2-carboxylic methylester (1 mL, 6.6 mmol) and toluene (12.4 
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mL) were charged into a 250 mL Schlenk flask. PdfOAc^ (0.66 mg, 2.94 p mol) and 
f(Cy) PHJ[(B(C F ) ) (5.65 mg, 5.88 (i mol) were dissolved in CH CI (I mL) and 
added to the monomer solution. While the reaction mixture was stirred Tor 1 8 hours at 
90 °C , the reaction mixture became viscous. After the reaction was completed, 1 20 ml 
of toluene was added to the viscous solution to dilute it. The solution was poured into 
an excess of ethanol to precipitate a white polymer, which was filtered through a glass 
funnel, washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield 
5-norbornene~2-allylacetate/5~butylnorbomcne / 5~norbomene-2-carhoxylic 
methylester polymer (6.45 g: 90.5 % by weight based on the total weight of used 
monomers). The weight average molecular weight (M w) of the polymer was 2 1. 1 ,89 1 
and Mw/Mn was 2.67. 

[ 1 831 Example 6: Copolymerization of 5-norbomene-2-aIlylacetate, 5-butylnorbornene 
and 5-norbornene-2-carboxylic methylester 

[184J 5-norbornene-2-aliylacetate, 5-butylnorbornene and 5~norbornene-2-carhoxylic 
methylester were copolymerized in the same manner as in Example 5, except that 
Pd(OAc) (0.20 mg, 0.88 ft mol) and [(Cy) PH][B(C F ) J (1.70 mg, 1.77 |x mol) were 

- 3 6 5 4 

used. The resulting polymer was obtained in 3.3 g of yield (46.7 % by weight based on 
the total weight of used monomers). The weight average molecular weight (Mw) of the 
polymer was 261,137 and Mw/Mn was 2.01. 
1 1 85] Examples 7- 13: Polymerization of 5-norbornene-2-allylacetate 
r 1 86] Polymers of 5-norbornene-2-allyIacelate were prepared in the same manner as 

described in Example 1, except that the molar ratio of [(Cy) PH][B(C F ) J to Pd(OAc) 
2 was changed to 2: 1, 1: 1, 2:3, 1:2, 1:4 and 1:8. 5-norbornene-2-allylacetate (4 mL, 
24.7 mmol) and toluene ( 1 2 mL) were used and polymerization temperature and time 
were 90 °C and 4 hours, respectively. The experimental procedure was carried out in 
the same manner as described in Example 1 and t he results are shown in Table 1 
below. 
[187] Table 1 





Pd(OAc) 7 
(mg) 

. 


[HP(Cy) 3 
] [B(C F 

6 5 

) 4 1 (mg) 


Pd/B 

(molar 

ratio) 


Yield 


Mw 


Mw/Mn 




[%] 


Example 


1.1 


2.4 


2/1 


1.77 


43.2 


333,400 


2.11 


Example 
8 


1.1 


4.7 


1/1 


•3 »«^2 


86.0 


272,800 


2 ?8 

•too * \J 


Example 
9 


1.1 


7.1 




3.82 


^)«3 * 2. 


260,000 


2.56 



WO 2006/031067 



PCT/KR2005/003054 



Example 
10 


l.l 


9.5 


1/2 


3.83 


93.4 


256,300 


2.49 


Example 
11 


1.1 


19.0 


1/4 


3.80 


90.5 


221,600 


2.45 


Example 
12 


1.1 


28.4 


1/6 


3.39 


82.7 


1 94, 1 00 


^— « 25 


Example 
13 


1.1 


38.0 


1/8 


3.30 


80.5 


193,200 


2.20 



[ 1 88 J Examples 14-16: Polymerization of 5-norbornene-2-allylacetate 
f 1 89] 5-norbomene~2~allylacetale was polymerized together with cyclopentene in molar 
ratios of cyclopentene to 5-norbornene-2~allylacetate of 10: 1 , 5: 1 and 7:3. 5 - 
norbornene-2-alIylacetate (10 mL, 61.7 mmol) and toluene (20 mL) were charged into 
a 250 mL Schlenk flask. Pd(OAc) was used in a molar ratio of 1 :5000 based on total 
amount of cyclopentene and the monomer and the molar ratio of [(Cy) PH][B(C F ) J 

3 " ' 6 5' 4 

to Pd(OAc)^ was 2: L The experimental procedure was carried out in the same manner 
as described in Example 1 and the result was shown in Table 2. 
[190] Table 2 





Monomer 
/Cp 
(molar 
ratio) 


Cp(mL) 


Pd(OAc) ? 
(nig) 


Yield 


Mw 


Mn 


Mw/Mn 


Example 
14 


10/1 


0.54 


3.1 


9.7 g (91 
%) 


136,701 


56,387 


2.42 


Example 
15 


5/1 


1.4 


3.5 


9.4 g 
(83.2 %) 


76,135 


28,945 


2.63 


Example 
16 


7/3 


2.3 


^".0 


9.2 g (76 

%') 


62,607 


25,584 


2.45 



[191] Example 17: Polymerization of 5-norbomene-2-allylacetale 

[192] 5-norbornene-2~allylacetale (10 mL, 61.7 mmol) and wet toluene (35 mL) were 

charged into a 250 mL Schlenk flask in air. Pd(OAc)^ (0.92 mg, 4.1 1 \i mol) and [(Cy) 
PH][B(C F ) J (7.9 mg, 8.23 mol) were dissolved in CH Ci (1 mL) and added to the* 
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monomer solution. While the reaction mixture was stirred for 18 hours at 90 °C , the 
reaction mixture became viscous. After the reaction was completed, 120 ml of toluene 
was added to the viscous solution to dilute it. The solution was poured into an excess 
of ethanol to precipitate a white polymer, which was filtered through a glass funnel, 



washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield a 
5-norbornene-2-aiIyIacetate polymer (9.74 g: 95 % by weight based on the total weight 
of used monomers). The weight average molecular weight (Mw) of the polymer was 
271,010 and Mw/Mn was 2.40. 
[ 1 93 J Examples 1 8-20: Polymerization of 5-norhornene-2~allylacetate 
1. 1 94 J 5-norhornene-2~allylacetate was polymerized in the same manner as described in 
Example 17, except that the relative amounts of a toluene and a catalyst over a 
monomer were varied. The results were shown in Table 3. 
[1951 Table 3 





Monomer 
(mL) 


Toluene/ 
Monomer 
(volumetr 
ic ratio) 


Monomer 
/ catalyst 
(molar 
ratio) 


Yield 


Mw 


Mn 


Mw/Mn 

* 


Example 
17 


10 


3.0 


15,000 


9.74 g 
(95.0 %) 


271,000 


113,000 


2.40 


Example 
18 


10 


2.0 


15,000 


9.70 g 
(94.6 %) 


319,000 


1 24,000 


2.57 


Example 
19 


10 


3.0 


10,000 


10.08 g 
(98.4 %) 


287,000 


114,000 


2.51. 


Example 
20 


10 


2.0 


10,000 


10.04 g 
(98.0 %) 


307,000 


1 20,000 


2.57 



f 1 96) Examples 2 1 -23: Polymerization of 5-norbornene-2-allylacetate 
U 97] 5-norbornene-2-allylacetate (3 mL, 1 8.5 mmol) and toluene ( 1 1 mL) were charaed 
into a 250 mL Schlenk flask and a 1.23 mM catalyst solution in CHC\^ was prepared 
in a 2: 1 ratio of {(Cy) PH][B(C F ) 1 to Pd(OAc) . The catalyst solution was used in 

.1 6 5 4 2 

polymerization after aging for 24, 32, and 48 hours. The reaction temperature was 90 
°C and the reaction time was 18 hours. The subsequent experimental procedure was 
carried out in the same manner as described in Example 1 and the result was shown in 
Table 4. 
[198 J Table 4 





Aging time 
(hr) 


Yield (%) 


Mw 


Mn 


Mw/Mn 


Example 2 1 


24* 




288,395 


126,503 


2 ?8 


Example 22 


32 


86.0 


304,280 


144,515 


2.11 


Example 23 


48 


94.3 


284,763 


131,954 


2 • 1 ^5 



[199] T he catalyst solution containing [(Cy) PH]f(B(C F ) ) was observed to kept yellow 
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color even after aging for 48 hours. As shown in Table 4, the polymerization yield was 
90% or greater and the molecular weight was 250,000-290,000. The catalyst including 
[(Cy) PH][(B(C F ) ) maintained good catalytic activity and good stability even after 
aging. 

[200] Examples 24-25: Polymerization of 5-norbornene-2-aIlylacetate 
[20 1 J 5-norbornene-2-allylacetate (5 mL, 30.9 mmol) and toluene ( 1 8 mL) were charged 
into a 250 mL Schlenk flask. Pd(OAc) (0.46 mg, 2.06 (.i mol) and [(Cy) PH)[B(C F ) ] 
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(5.0 mg, 5.2 (i mol) were dissolved in CH CI (1 mL) and added to the monomer 

2 2 

solution. Polymerization was carried out at 80 °C and 150 °C for 18 hours. The 
subsequent experimental procedure was carried out in the same manner as in Example 
1 to obtain a 5-norbornene~2-alIylacetate polymer and the results were shown in Table 
5. For reference, the results of Example 1 were also added to Table 5. 
[202] Table 5 





Polymerizati 
on 

temperature ( 

°C) 


Yield (%) 


Mw 


Mn 

• 


Mw/Mn 


Example 1 


90 


92.2 


250,07 1 


92,619 


2.70 


Example 24 


80 


83.0 


312,300 


138,200 


2.26 


Example 25 


150 


85.0 


1 45,000 


62,000 


2. 34 



[2031 Example 26: Polymerization 5-acetylnorbornene 

[204] 5-acetylnorbornene (NB-O-Q 0)-CH ) ( 10 mL, 68.6 mmol, NB=norbornene) was 
charged into a 250 mL Schlenk. flask. PdfOAc)^ (1.5 mg, 6.86 u, mol) and [(Cy) PHJ 
[B(C F ) ] ( 13.2 mg, 1 3.72 p mol) were dissolved in CH CI (1 mL) and added to the 

6 5 4 2 2 

monomer solution. After 5 minutes, 5 mL of toluene was slowly added. While the 
reaction mixture was stirred for 18 hours at 90 °C the reaction mixture became viscous. 
5 mL of toluene was added four times at intervals of 30 minutes to add a total of 20 
mL of toluene. After the reaction was completed, 200 ml of toluene was added to the 
viscous solution to dilute it The solution was poured into an excess of ethanol to 
precipitate a white polymer, which was filtered through a glass funnel, washed with 
ethanol, and dried in vacuo at 80 °C for 24 hours to yield a 5-acetylnorbornene 
polymer (5.44 g: 52, 1 % by weight based on the total weight of used monomers). The 
weight average molecular weight (Mw) of the polymer was 218,400 and Mw/Mn was 
2.29. 

[205] Example 27: Polymerization 5-acetylnorbornene 
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[206] 



[207] 
[208] 



[209] 



5-acetylnorbomene (NB-O-C(O)-CH ) (10 mL, 68.6 mmol, NB=norbornene) was 
charged into a 250 mL Schlenk flask. Pd(0Ac) 9 (2.2 mg, 9.8 \t moJ) and [(Cy) PHJ 
[B(C F ) | ( 1 8.8 mg, J 9.6 p. mol) were dissolved in CH CI (1 mL) and added to ihe 
monomer solulion. After 2 minutes, 5 mL of toluene was slowly added. While the 
reaction mixture was stirred for 1 8 hours at 90 °C , the reaction mixture became 
viscous. 5 mL of toluene was added after 10, 30, 120 and 240 minutes to add a total of 
20 mL of toluene. After the reaction was completed, 200 ml of toluene was added to 
the viscous solution to dilute it. The solution was poured into an excess of ethanol to 
precipitate a white polymer, which was filtered through a glass funnel, washed with 
ethanol, and dried in vacuo at 80 °C for 24 hours to yield a 5-acetylnorbomene 
polymer (6.42 g: 61 .5 % by weight based on the total weight of used monomers). The 
weight average molecular weight (Mw) of the polymer was 198,953 and Mw/Mn was 



*2> » 3 » 



Comparative Examples 1-3: Polymerization of 5-norbomene-2-aIlylacetate 

A catalyst system including Pd(OAc) , dimethylanilium 
(tetrakispentafluorophenyl)boraie ([PhNMe H][B(C F ) J) and P(Cy) was used. The 
molar ratio or [PhNM^HHBCCJF^J to Pd(6Ac)^ was 2: 1 and the molar ratio of P(Cy) 
to Pd(OAc) o was 1:1. These catalyst components were dissolved in CH CI to prepare a 
1.23 mM orange catalyst solution. Polymerization was carried out in the same manner 
as described in Examples 21-23. The results were shown in Table 6. 

Table 6 



Comparative 
Example 1 



Aging time 
(hr) 



24 



Yield (%) 



81.7 



Mw 



289,46 1 



Mn 



135,137 



Mw/Mn 



2. 1 4 



[210J 



[211] 



Comparative 
Example 2 



32 



32.7 



300,643 



Comparative 
Example 3 



2.60 



233,495 



145,393 



2.07 



116,726 



2.00 



The catalyst solution including [PhNMe H][B(C F ) ] turned from orange to areen 
in color after 10 minutes. When polymerization was carried out using the green 
catalyst solulion, the polymerization yield was 80% after aging for 24 hours and was 
reduced to 10% or less after aging for 48 hours. As a result, the catalyst solutions of 
Comparative Examples 1-3 including [PhNMe JH][B(C F ) ] were less stable than the 
catalyst solutions of Examples 21-23 including [(Cy) PH][(B(C F ) ) . 

Comparative Example 4: Polymerization of 5-norbornene-2-allylacetale 
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[212] [ Lil[B(C F )J (20.6 mg, 0.0030 mmol) and 5-norbornene-2-ailylacetale (5.0 g, 30 
mmol) were charged into a 250 mL Schlenk flask. A solution of [(Allyl)PdCl] (0.55 
mg, 0.0015 mmol) and P(Cy) (0.84 mg, 0.0030 mmol) in toluene (0. 1 mL) was added 
lo the flask. Polymerization was carried out at 90 °C for 18 hours and the resulting 
solution was added into an excess amount of ethanol io precipitate polymeric 
materials. However, no polymer was obtained, 
[213] Comparative Example 5: Polymerization of 5-norbornene-2~carboxyIic methylester 
[2141 5-norbornene-2-carboxylic methylester (MENB(NB-C(O)-O-CH ) (5 mL, 34.4 

3 

mmol) and toluene (1 8 mL) were charged into a 250 mL Schlenk flask . A CH CI 
solution (1 mL) of Pd(OAc) (0.772 mg, 3.44 u. mol) and IHP(Cy) HB(C F ) ] (6.61 
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mg, 6.88 ja mol) was added to the monomer solution with a syringe at 90 °C . A poly- 
merization reaction was carried out at 90 °C for 18 hours. Thereafter, the resulting 
solution was added to an excess amount of ethanol to obtain white polymer pre- 
cipitates. The precipitates were filtered through a glass filter to recover a polymer. The 
polymer was dried in a vacuum oven at 80 °C for 24 hours to obtain 
5-norbornene-2-carboxyiic methylester polymer (0.8 g: 15 % by weight based on the 
total weigh! of used monomers). 
[215] Comparative Example 6: Polymerization of 5-norbornene-2-carboxylic buiylester 
[2 16] 5-norbomene-2-carboxyIic butylester (MENB(NB-C{0)-0-CH^CH o CH CH ) (5 
mL, 34,4 mmol) and toluene (17 mL) were charged into a 250 mL Schlenk flask . A 
CH CI solution (1 mL) of Pd(OAc) (0.56 mg, 2.51 u. mol) and [HP(Cy) ]{B(C F ) J 
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(4.82 mg, 5.02 \.i mol) was added to the monomer solution with a syringe at 90 °C . A 
polymerization reaction was carried out at 90 °C for 1 8 hours. Thereafter, the resulting 
solution was added to an excess amount of ethanol. However, no polymer was 
obtained. 

[217] Comparative Example 7: Polymerization of 5-nort>ornene-2~allylacetate 
[218] 5-norbornene-2-allylacetate (5 mL, 30.9 mmol) and toluene (18 mL) were charged 
into a 100 mL Schlenk flask . Pd(OAc)^ (0.69 mg, 3.09 \i mol) and [HP(Cy) ][B(C F ) 
] (5.94 mg, 6.18 mol) were dissolved in CH CI (1 mL) and then AlEt (18.5 0 , 18.5 

2 2 3 

mm m— 

ft mol) was added thereto. The solution immediately turned black in color. The black 
catalyst solution was added to the monomer solution. Polymerization was carried out at 
90 °C for 18 hours. Thereafter, the resulting solution was added to ethanol. However, 
no polymer was obtained. 
[219] Comparative Example 8: Polymerization of 5-norbornene-2-al!ylacetate 
[220] 5-norbornene-2-alIyIacelate (5 mL, 30.9 mmol) and toluene (18 mL) were charged 
into a 100 mL Schlenk flask . Pd(OAc)^ (0.69 mg, 3.09 [i mol) and [PhNMe H][B(C F 
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)J (5.94 mg, 6. 1 8 u. mol) as catalysts were dissolved in CH Cl^ ( 1 mL), and then a 
colorless (Cy) P • AlEt complex solution including Cy P (0.87 mg, 3.09 \i mol) and 
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AlEi^ (3.09 Q , 3.09 \i mol) was added thereto. The solution immediately turned black in 
color. The black catalyst solution was added to the monomer solution. Polymerization 
was carried out at 90 °C for 1 8 hours. Thereafter, the resulting solution was added to an 
excess amount of ethanol to obtain white polymer precipitates. The precipitate was 
filtered through a glass filter and dried in a vacuum oven at 80 °C for 24 hours to 
obtain a polymer (0.5 g: 10 % by weight based on (he total weight of used monomers). 
[22 1 J Comparative Examples 9 and 10: Polymerization of 5-norbornene-2-allylacetate 
[2221 5-norbornene-2-allylacetate (5 mL, 30.9 mmol) and toluene ( 1 8 mL) were charged 
into a 250 mL Schlenk flask . Pd(OAc) (0.46 mg, 2.06 \i mol) and [(Cy) PH][B(C F ) 
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] {5.0 mg, 5.2 n mol) were dissolved in CH CI (1 mL) and added to the monomer 
solution. Polymerization was carried out at 50 °C and 170 °C for 18 hours. The 
subsequent experimental procedure was carried out in the same manner as described in 
Example 1 . The results were shown in Table 7. 
[223J Table 7 





Polymerizati 
on 

temperature 

CO 


Yield (%) 


Mw 


Mn 


Mw/Mn 


Comparative 
Example 9 


50 


18.0 


265,000 


1 20,400 


2.20 


Comparative 
Example 10 


170 


34.0 


105,000 


42,800 


2. i l*5 



[224] As can be seen in Table 7, as polymerization temperatures such as 50 and 1 70 °C 
are not within the range defined above, polymerization yields are considerably 
reduced. The reason for this is as described above. 
[225] Comparative Example 1 1 : Polymerization of 5-norbornene-2-carboxylic acid 
[226] 5-norbornene-2-carboxylic acid ( 10 g) and [Pd(C & H CN)C1^ (100 mg) were 

reacted at 140 °C for 10.5 hours to obtain a polymer (5.75 g). The obtained polymer 
had a molecular weight of 1 1 29. 
.227] Comparative Example 12: Polymerization of 5-norbornene-2-methyl-decanylacetate 
[228] 5-norbornene-2-methyl-decanylacetate ( 1 .03 g, 3.7 mmol) was charged into a 250 
mL Schlenk flask . [(AllyDPdCl], (13.15 mg, 3.60 x IO" 2 mmol) and AgSbF (35 mg, 
10. 1 x 10" 2 mmol) were dissolved in chlorobenzene (2 mL). AgCl precipitates were 
filtered and the resulting solution was added to the monomer solution to react for 24 
hours. The polymerization yield was 1.01 g (98%) and the weight average molecular 
weight was 58,848. 
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[229] Comparative Example J 3: Polymerization of 5-norbornene-2-allyIacetate 
[2301 5-norboraene-2-aIlylacetate (5,0 g, 30 mmol) and Li[B(C F ) j were charged into a 
250 mL Shlenk flask. A toluene solution (0.1 mL) of [(AUyl)PdCI] (0.55 mg, 0.0015 

warn 

mmol) P(Cy) 3 (0.84 mg, 0.0030 mmol) was added to (he monomer solution. A poly- 
merization reaction was carried out at 65 °C for 4 hours to obtain 0.25 g of a polymer 

(5%). 

[231 ] Comparative Example 14: Polymerization of 5-norbornene-2-allylacetate 
[2321 5-norbornene-2-allylacetate (5 mL, 30.9 mmol) and toluene ( 1 5 mL) were charged 
into a 250 mL Schlenk flask . A CHQ^ solution (1 mL) of Pd(0Ac) 7 (1.4 mg, 6.2 mol) 
and [PhNMe HJ[B(C F ) ] (10.9 mg, 13.6 mol) was added to the monomer solution. A 

2 6 5 4 

polymerization reaction was carried out at 90 °C for 18 hours. Thereafter, the resulting 
solution was added lo an excess amount of ethanol. However, no polymer was 
obtained. 

[233] Preparation of optical anisotropic film 
[234] Examples 28 and 29 

[235] Each of the p olymers prepared in Examples I and 3 was mixed with a solvent to 

form a coating solution as shown in Table 8. The coating solutions were cast on a glass 
substrate using a knife coater or a bar coater, and then the s ubstrate was dried at room 

♦ 

temperature for 1 hour and further dried under a nitrogen atmosphere at 100 °C for 1 8 
hours. The glass substrate was kept at -10 °C for 10 seconds and the film on the glass 
plate was peeled off to obtain a clear film having a uniform thickness. The thickness 
deviation of the film was less than 2%. The thickness and the light transmittance of the 
obtained film were shown in Table 8. 
[236] Table 8 





Composition of film solution 


Physical properties of film 




Polymer (parts 
by weight) 


Solvent (parts 
by weight) 


Thickness ( Q ) 


Light 

transmittance 

(%) 


Example 28 


Polymer 
prepared in 
Example 1 


THF 560 


114 


92 


Example 29 


Polymer 
prepared in 
Example 3 


CH CI 360 and 
TOLUENE 200 


120 


92 



[237] In Table 8, THF is tetrahydrofurane. 
L238] Measurement of optical anisotropy 
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[239] 
[240] 



[241] 



[242] 



[243] 



Experimental Examples I and 2 

For clear films produced in Examples 28 and 29, a refraclive index n was measured 
using an Abbe refractometer, an in-plane retardation value Re was measured using an 
automatic birefringence analyzer (available from Oji Scientific Instrument; KOBRA- 
21 ADH), and a retardation value R (j was measured when the angle between incident 
light and the film surface was 50 0 and a retardation value R between the direction 
through the film thickness and the in-plane x-axis was calculated using Equation (2): 



R 



th' 



x cos 6, : 

^^^^^ w 

sin 2 G, 



(2). 



A refractive index difference (n^-n ) and a refractive index difference (n -n ) were 
calculated by dividing R and R by the film thickness, (n -n ), R , R and (n -n ) of 

e * xyGth y z 

each clear film were indicated in Table 9. 
Table 9 





n (refractive 
index) 


(n -n )x!0 3 


Rjnm/D) 


(n -n )x!0 3 

y * 


Experimental 
Example I 


1.52 


0.008 


2.32 




Experimental 
Example 2 


1.50 


0.009 




2.13 



[244] 



When films were covered with a triacetate cellulose film having n > n R values 
of all cyclic olefin films increased, which indicates that R of a cyclic olefin film is 
produced due to a negative birefringence (n > n ) in a direction throueh the film 
thickness. y 7 

Industrial Applicability 

The present invention provides a catalyst system capable of producing a cyclic 
olefin polymer having polar functional groups and a high molecular weight in a high 
yield. The catalyst system has good thermal and chemical stability, and thus is not de- 
activated due to polar functional groups. 
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Claims 

[11 A catalyst system for producing cyclic olefin polymers having polar functional 

groups, the catalyst system comprising: 

i) a procatalyst represented by formula (I) containing a group 10 metal and a 
ligand containing hetero atoms bonded to the metal; 

ii) a cocatalyst represented by formula (2) including a salt compound which is 
capable of providing a phosphonium cation and an anion weakly coordinating to 
the metal of the procatalyst : 




(1) 

where X is a hetero atom selected from S, O and N; 

R is - CH=CHR 2tI , -OR 20 , -SR 20 , ~N(R 2 \, -N=NR 20 , -P(R% -C(0)R 20 , -C(R 20 
)-NR 20 , -C(0)OR 2 °, -OC(0)OR 2t> , -OC(0)R 2 °, ~C(R 20 )=:CHC(O)R 20 5 -R 2, C(0)R 2 °, 
-R-'aOPR-" or -R-'OC(0)R , where R~ u is a hydrogen, a halogen, a linear or 
branched C alky I, a linear or branched C haloalkyl, a linear or branched C 

1-5 " 1-5 5. |0 

cycloalkyl, a linear or branched C alkenyl, a linear or branched C 

2- 5 2-5 

haloalkenyl, or an optionally substituted C aralkyl, and R 21 is a C hydro- 

7-24 1-20 J 

carbylene; 

R^ is a linear or branched ^ alkyl, alkenyl or vinyl: a cycloalkyl 
optionally substituted by a hydrocarbon; a C aryl optionally substituted by a 

6-40 

hydrocarbon; a C aralkyl optionally substituted by a hydrocarbon; or C 

7-15 . * 3-20 

alkynyl; 

M is a group 10 metal; and 
p is an integer from 0 to 2, and 
[(R )-P(R ) (R ) [Z(R ) J )[Ani] (2) 

3 4 a 4 b 5 d c 

where each of a, b and c is an integer from 0 to 3, and a-hb+c = 3; 
Zis O, S, SiorN; 

d is 1 when Z is O or S, d is 2 when Z is N, and d is 3 v^hen Z is Si; 
R is a hydrogen, an alkyl, or an aryl; 

each of R^, R^ and R 5 is a hydrogen; a linear or branched C alkyl, alkoxy, 
allyl, alkenyl or vinyl; a C cycloalkyl optionally substituted by a hydrocarbon 
; a C^ 4o aryl optionally substituted by a hydrocarbon ; a C aralkyl optionally 
substituted by a hydrocarbon ; a C alkynyl; a tri(linear or branched C 

3- 20 J J 1.J0 



vv \r unnviiJiviif 
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[237] 
[238] 
[239] 
[240] 



[241] 



[242] 



[243] 



[244] 











(%) 


Example 28 


Polymer 
prepared in 
Example 1 


THF560 


114 


92 


Example 29 


Polymer 
prepared in 
Example 3 


CH a 360 and 
TOLUENE 200 


120 


92 



Measurement of optical anisotropy 
Experimental Examples 1 and 2 

For clear films produced in Examples 28 and 29, a refractive index n was measured 
using an Atte refractometer, an in-plane retardation value Re was measured using an 
automatic birefringence analyzer (available from Oji Scientific Instrument;. KOBRA- 
21 ADH), and a retardation value R fl was measured when the angle between incident 
light and the film surface was 50 ° and a retardation value R between the direction 
through the film thickness and the in-plane x-axis was calculated using Equation (2): 

^ sift 2 &j 

(2). 

A refractive index difference (n -n) and a refractive index difference (n -n ) were 
calculated by dividing R and R^ by the film thickness, (n -n ),R,R and (n -n ) of 
each clear film were indicated in Table 9. * 9 * 

Table 9 





n (refractive 
index) 


Experimental 
Example 1 


1 * 5 2^ 


Experimental 
Example 2 


1.50 t 




(n -n )xl0 

* y 



0.008 



R (nm/ im ) 

th 



2.32 



0.009 



2.13 



(n -n )xl0" 



2.13 



of all cyclic olefin films increased, which indicates that R of a cyclic olefin film 

th 
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[H-P(R ) l[Ani] (4) 

4 3 

where R is a hydrogen; a linear or branched C alkyL alkoxy, allyl, alkenyi or 



vinyl; an optionally substituted C cycloalkyl; an optionally substituted C 
aryl; an optionally substituted C ? ^ aralkyl; or a C alkynyl, in which each 
substituent is a halogen or a ^ haloalkyl; and 
[Ani] is an anion capable of weakly coordinating to the metal M of the 
procatalyst represented by formula (1) and is selected from the group consisting 
of borate, aluminate, [SbF. I PF 6 h [ AsF & perfluoroacetateflCF^ CO o ]-), 
perfluoropropionatedC^F^CO^l-), perfluorobutyrate([CF CF CF CO 
perchlorate([ CIO J-), p- toluenesulfonate( [p~ CH C H SO ]-), [SO CF k bo- 

• 4 f 3 6 4 3 3 3 

ratabenzene, and carborane optionally substituted by a halogen. 
[4] The catalyst system of claim 1, wherein the procatalyst represented by formula 

( J ) and the cocatalyst represented by formula (2) are a palladium compound 
represented by formula (3a) and a phosphonium compound represented by 
formula (4), respectively; 

R 



O 

R i , 

O 



I'd 



* 

R v 



(3a) 

where each of R j \ R n 1 and R^ M is a linear or branched C oo alkyi, alkenyi or 
vinyl; a C cycloalkyl optionally substituted by a hydrocarbon; a C aryl 

5-12 " 6-4(j ^ 

optionally substituted by a hydrocarbon; a C aralkyl optionally substituted by 
a hydrocarbon; or a C alkynyl; and 

3-20 J * 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
[H-P(R) J[Ani](4) 

4 3 

where R^ is a hydrogen; a linear or branched C alkyl, alkoxy, allyl, alkenyi or 
vinyl; an optionally substituted C cycloalkyl; an optionally substituted C 

3-12 . 6-40 

aryl; an optionally substituted C ? aralkyl; or a C^ ^ alkynyl, in which each 
substituent is a halogen or a C haloalkyl; and 
[Ani] is an anion capable of weakly coordinating to the metal M of the 
procatalyst represented by formula (1) and is selected from the group consisting 
of borate, aluminate, [ShF K [ PF ]-, [ AsF perfluoroacetate([CF CO ]~), 

6 6 6 32 

perfluoropropionate(lC^F 5 CO o ]-), pernuorohutyrate([CF^CF^CF ? CO J-), 
perchlorate([ CIO ]-), p~ toluenesulfonate( [p- CH C H SO j-), [SO CF h bo- 

4 3 6 4 3 3 3 

ratabenzene, and carborane optionally substituted by a halogen. 
[5] The catalyst system of claim 1 , wherein, in the procatalyst represented by 



formula (1), the metal is Pd, p is 2, and the ligand having a hetero atom directly 
coordinating to the metal is acetylacetonate or acetate, and in the cocatalyst 
including a salt compound having phosphonium represented by formula (2), b is 
0, c is 0, is H, and is cyclohexyl, isopropyl, t-butyi, n-butyl or ethyl 
The catalyst system of claim L, wherein the molar ratio of the cocatalyst to the 
procatalyst is in the range of 0.5: 1 to 10: L 

The catalyst system of claim L, wherein a catalyst mixture comprising the 
procatalyst and the cocatalyst is supported on an inorganic support. 
The catalyst system of claim 7, wherein the inorganic support is at least one 
selected from the group consisting of silica, titania, silica/chromia, silica/ 
chromia/titania, silica/alumina, aluminum phosphate gel, silanized silica, silica 
hydrogel, montmoriilonite clay and zeolite. 

The catalyst system of claim 1, wherein the catalyst mixture is dissolved in at 

least one organic solvent selected from the group consisting of dichloromethane, 

dichloroethane, toluene, chlorobenzene and a mixture thereof. 

The catalyst system of claim 1, wherein the catalyst mixture comprises a metal 

catalyst complex composed of the procatalyst and the cocatalyst. 

A method of producing cyclic olefin polymers having polar functional groups, 

the method comprising: 

preparing the catalyst system mixture of any one of claims 1-10 ; and 
addition-polymerizing cyclic olefin monomers having polar functional groups in 
the presence of an organic sol vent and the catalyst system mixture, at a 
temperature of 80-150 °C 

The method of claim 1 i, wherein the cyclic olefin monomer is a compound 
represented by formula (5): 




(5) 

where m is an integer from 0 to 4; 

at least one of R ? , R 7 \ R ? 1 and R ? " is a polar functional group and the others arc 
nonpolar functional groups; 

R 7 > R 7 \ R ? ' and R^ " can be bonded together to form a saturated or unsaturated C 
n cyclic group or a C aromatic rin*; 

4-12 6-24 

the nonpolar functional group is a hydrogen; a halogen; a linear or branched C 

1-20 

alkyi, haloalkyl, alkenyl or haloalkenyl; a linear or branched C alkynyl or 
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allyl, alkenyl or vinyl; a C ^ cycloalkyl optionally substituted by a hydrocaibon 
; a C mo 313,1 °P tionalI y substituted by a hydrocaibon ; a C ? ^ aralkyl optionally 
substituted by a hydrocaibon ; a C ^ alkynyl; a tri(linear ot branched C 
alkyl)silyl; a (ri(lmear or branched C ^ alkoxy)silyl; a tri(optionally substituted 
cycloa!kyl)sflyl; a tri(optionally substituted aryl)silyl; a tri(optionally 
substituted C^ aryloxy)silyl; a triOinear or branched C alkyl)siloxy; a 
tri(optionally substituted cycloalkyl)siloxy; or a ui(optionaliy substituted C 
wo aryI)siloxy, in which each substituent is a halogen or C ^ haloalkyl; and 
[Ani] is an anion capable of weakly coordinating to the metal M of the 
procatalyst represented by formula (1) and is selected from the group consisting 
of borate, aluminate, [SbF ]-, I PF ]-, [ AsF ]-, perfluoroacetate([CF CO ]-), 
perfluoropropionate([C F CO;-), perfluorobutyrate([CF CF CF CO ]-), * 
perchlorate([ ClO^ ]-), p- toluenesulfonate( [p-CHCH SO ]-), [SO CF ]-, bo- 
ratabenzene, and caiborane optionally substituted with ahalogen . 
The catalyst system of claim 1, wherein the borate or aluminate of formula (2) is 
an anion represented by formula (2a) or (2b): 
[M'(R ) 4 ] (2a), 
[M'(OR ) ](2b) 

6 4 

where M 1 is B or Al; 

R is a halogen, a linear or branched C alkyl or alkenyl optionally substituted 
by a halogen, a C. cycloalkyl optionally substituted by a halogen, a C aryl 
optionally substituted by a hydrocaibon, a C ^ aryl optionally substituted by a 
linear or branched C ^ trialkylsiloxy or a linear or branched C triarylsiloxy, 
° r a C 7-is aralIc y 1 optionally substituted by a halogen. 

The catalyst system of claim 1, wherein the procatalyst represented by formula 
(1) and the cocatalyst represented by formula (2) are a group 10 metal containing 
compound represented by formula (3) and a phosphoniura compound represented 
by formula (4), respectively; 



X" 



V 



M 



r 



» — u" 



(3) 

where each of X' and Y' is a hetero atom selected from S and O; 
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*2. 1 0. 




each of R ■ R R • and R; is . Iinear Qr c ^ ^ ^ ^ & 

cycloalkyl optionally substituted by a hydrocabon; a C aryl optionaUy 
substituted by a hydrocafcon; a aralkyl optionally subsSted by a hy- 
drocaibon; or a C aHcynvl- 

3-20 ' 

M is a group 10 metal; and 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
[H-PCR ) ][AniJ (4) 

where R is a hydrogen; a linear or branched C alkyl, alkoxy, allyl, alkenyl or 
vinyl; an optionally substituted C & cycloalkyl;" an optionaUy substituted C 
aryl; an optionally substituted C ^ aralkyl; oraC alkynyl, in which each" 
substituent is a halogen or a C haloalkyl; and 
[Ani] is an anion capable of welly coordinating to the metal M of the 
procatalyst represented by formula (1) and is selected from the group consisting 

of borate, aluminateJSbF]- ([ PF]-, [As FKperfluoroacetateaCF CO ]-)" 
perfluoropropionate([C F C0 2 ]-), perfiuorobutyrate([CF CF CF CO ]-) * 
perchlorate([ QO ]-), p- toluenesulfonate( [p- CH C H SO ]-), [SO CF ]- bo- 
ratabenzene, and caAorane optionaUy substituted by a halogen ' ' ' 
Tne catalyst system of claim 1, wherein the procatalyst represented by formula . 
(1) and the cocatalyst represented by formula (2) are a paUadium compound 
represented by formula (3a) and a phosphonium compound represented by 
formula (4), respectively; 




(3a) 

where each of R • R R • and R ■ is a Unear or branched C alkyl, alkenyl or 
vinyl; a C ^ cycloalkyl optionally substituted by a hydrocafcon; a C aryl 
optionally substituted by a hydrocaibon; a C aralkyl optionally substituted by 
a hydrocaibon; or a C alkynyl; and 

3-20 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
CH-PCR ) ][Ani] (4) 

where Ris a hydrogen; a linear or branched C alkyl, alkoxy, aUyl, alkenyl or 
Vinyl; an optionally substituted C ^ cycloalkyl; an optionally substituted C 

6-40 
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22.| 0.21) 



[8] 



aryl; an optionally substituted C aralkyl; or a C alkynyl, in which each 

7-15 3-^0 

substituent is a halogen or a C haloalkyl; and 
[Ani] is an anion capable of weakly coordinating to the metal M of ihe 
procatalyst represented by formula (1) and is selected from the group consisting 
of borate, aluminate, [SbF ]-, [ PF ]-, [ AsF_ J-, perfluoroacetate([CF CO ]-), 
perfluoropropionate([C F CO ]-), perfluorobutyrate([CF CF CF CO V) 

2 5 2 3 2 2 2 

perchlorate([ CIO ]-), p- toluenesulfonate( [p- CH C H SO ]-) [SO CF 1- bo- 
ratabenzene, and caiborane optionally substituted by a halogen. 
[5] The catalyst system of claim 1 , wherein, in the procatalyst represented by 

formula (1), the metal is Pd, p is 2, and the ligand having a hetero atom directly 
coordinating to the metal is acetylacetonate or acetate, and in the cocatalyst 
including a salt compound having phosphonium represented by formula (2), b is 
0, c is 0, R is H, and R is cyclohexyl, isopropyl, t-butyl, n-butyl or ethyl. 
The catalyst system of claim 1, wherein the molar ratio of the cocatalyst to the 
procatalyst is in the range of 0.5: 1 to 10: 1 . 
[7] The catalyst system of claim 1 , wherein a catalyst mixture comprising the 

procatalyst and the cocatalyst is supported on an inorganic support. 
The catalyst system of claim 7, wherein the inorganic support is at least one 
selected from the group consisting of silica, titania, silica/chromia, silica/ 
chromia/titania, silica/alumina, aluminum phosphate gel, silanized silica, silica 
hydrogel, montmorillonite clay and zeolite. 
[9] The catalyst system of claim 1, wherein the catalyst mixture is dissolved in at 

least one organic solvent selected from me group consisting of dichloromethane, 
dichloroethane, toluene, chlorobenzene and a mixture thereof. 
[10] The catalyst system of claim 1, wherein me catalyst mixture comprises a metal 

catalyst complex composed of the procatalyst and the cocatalyst. 
[1 1] A method of producing cyclic olefin polymers having polar functional groups, 

the method comprising: 

preparing the catalyst system mixture of any one of claims 1-10 ; and 
addition-polymerizing cyclic olefin monomers having polar functional groups in 
the presence of an organic solvent and the catalyst system mixture, at a 
temperature of 80-150 °C. 

[12] The method of claim 1 1, wherein the cyclic olefin monomer is a compound 

represented by formula (5): 
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[19] 



[20] 



[21] 



[22] 



haloalkynyl; a C . cycloalkyl optionally substituted by an alkyl, an alkenyl, an 
alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; a C aryl 

6-40 

optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, 
a haloalkenyl or haloalkynyl; a C ? aralkyl optionally substituted by an alkyl, an 
alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or an 
alkoxy, an haloalkoxy, a caibonyloxy or a halocafoonyloxy; and 
k is an integer from 1 to 10. 

The polymer of claim 18, wherein the cyclic olefin polymers having polar 
**** Sroups C o»p ris e a cycHc „«„ homopolym6r , . copoIynlBr of cyoIic 
olefin monomers having different polar functional groups, or a copolymer of a 
cyclic olefin monomer having a polar functional group and a cyclic olefin 
monomer having no polar functional group. 

An optical anisotropic film comprising the cyclic olefin polymer having a polar 
functional group of claim 18. 

The optical anisotropic film of claim 20, having a retardation value R 
represented by Equation (1) of 70-1000 nm: 

(i) 

where n is the refractive index along an in-plane fast axis measured at 550 nm; 
y ~ T 

n is the refractive index in a direction through the film thickness measured at 
550 nm, and 

d is the thickness of die anisotropic film. 
The optical anisotropic film of claim 21, being 

a negative C-plate type optical compensation film for liquid crystal display, 
satisfying 

.Tlx s riy<in z 



, where n is the refractive index along an in-plane slow axis. 
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Description 

CATALYST SYSTEM FOR POLYMERIZING CYCLIC 

OLEFIN HAVING POLAR FUNCTIONAL GROUP, 
POLYMERIZING METHOD USING THE CATALYST 
SYSTEM, OLEFIN POLYMER PRODUCED BY THE 
METHOD AND OPTICAL ANISOTROPIC FILM 
COMPRISING THE OLEFIN POLYMER 

Technical Field 

[1] The present invention relates to a catalyst for polymerizing a cyclic olefin having a 

polar functional group and a polymerization method, and more particularly, to a catalyst 
system for polymerizing a cyclic olefin having a polar functional group, a 
polymerization method using the same, an olefin polymer produced by the method, and 
an optical anisotropic film comprising the olefin polymer. 

Background Art 
Among catalyst systems used in polymerization reactions, a homogeneous 
Ziegler-Natta catalyst system which generally has multiple active sites includes 
methylaluminoxane (MAO) as a cocatalyst to improve the reactivity of the catalyst. 
However, a large amount of the MAO should be used relative to the catalyst precursor, 
and thus an increase in production cost and the requirement of post-treatment arise. 

With appearance of single active site catalysts such as metallocene catalysts, a 
perfluoroarylborate type non-coordination anion capable of providing single cation 
active species to a catalyst precursor, having low charge of -1 or -2 and easily achieving 

/ 

r 

derealization of charges has been used as a cocatalyst (Chem. Rev. 1988, Vol. 88, 
1405-1421; Chem. Rev. 1993, Vol. 93, 927-942). 

Such an anion is used in the form of a salt in combination with trityl causing an 
alkide or hydride removal reaction or dialkylammonium cation causing protonolysis. 
Exemplary borate cocatalyst compounds include [Ph 3 C][B(C 6 F5)4] and 
[PhNMe 2 H][B(QF 5 ) 4 ]. 

In the polymerization reaction, the cation part of a cocatalyst reacts with a leaving 
group of a metal precursor to provide a cationic metal precursor and forms an ion pair 
with the anion part of the cocatalyst. The anion weakly coordinates to the metal and is 
easily exchanged with an olefin monomer, resulting in polymerization. 
The ion pair acts as a catalyst active species, but is thermally and chemically 

■ 
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unstable and sensitive to solvents, monomers, etc., and thus reduces the reactivity of a 
catalyst. In particular, in the case of a nitrogen containing cocatalyst compound, a 
neutral amine compound is produced during a catalyst active reaction and can strongly 
interact with a cationic organometaliic catalyst, thereby resulting in a reduction of the 
catalytic activity. To avoid this problem, carbenium. oxonium and sulfonium cations 
can be used instead of the ammonium cation (EP Patent No. 0426,637). 
[7] Meanwhile, when cyclic olefins are polymerized using MAO or organoaiuminium, in 
most cases, high polymerization activity is shown against a non-polar norbornene such 
as norbornene, allcylnorbornene and silylnorbornene, whereas significantly low 
polymerization activity is shown against a polar norbornene such as ester or acetyl 
norbornene (U.S. Paten Nos. 5,468,819, 5,569,730, 5,912,313, 6,031,058 and 
6,455,650). 

[8] Norbornene polymers which are composed of cyclic olefin monomers such as 

norbornenes exhibit much better properties than conventional olefin polymers, such as 
high transparency, heat resistance and chemical resistance, and have low birefringence 
and moisture absorption. Thus, they have various applications, e.g., optical 
components such as CDs, DVDs and POFs (plastic optical fibers), information and 
electronic components such as capacitor films and low-dielectrics, and medical 
components such as low-absorbent syringes, blister packagings, etc. Adhesion of 
polymers to inorganic materials such as silicon, silicon oxide, silicon nitride, alumina, 
copper, aluminium, gold, silver, platinum, titanium, nickel, tantalium, and chromium is 
often a critical factor in the reliability of the polymer for use as an electronic material. 
The introduction of functional groups into norbornene monomers enables control of 
chemical and physical properties of a resultant norbornene polymer. However, in this 
case, a problem of reduction in reactivity occurs. 

[9] That is, although catalyst systems for polymerizing cyclic olefins having polar 

functional groups can be prepared using various cocatalysts, the resulting catalysts are 
sensitive to monomers and deactivated or not used at high temperatures due to poor 
thermal stability. Thus, the polymerization yield, the molecular weight of the resulting 
polymers, and the amount of catalyst used are not at practical desired levels, as in the 
case of general olefins having polar functional groups. When an excess of catalyst is 
used, the resulting polymer is colored or its transparency is deteriorated. 

[10] Therefore, there is a demand for a novel catalyst system capable of producing a 

cyclic olefin polymer having polar functional groups from a small amount of catalyst 
which has thermal and chemical stability to solvents, monomers, moisture and oxygen 
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[12] 



[13] 



[14] 



[15] 



[16] 



[17] 



[18] 



by simultaneously and properly controlling a cocatalyst structure and a procatalyst 
structure. 



Disclosure of invention 



Technical Solution 



[11] The present invention provides a catalyst system capable of producing a cyclic olefin 
polymer having polar functional groups and a high molecular weight in a high yield. 
The catalyst system has good thermal and chemical stability, and thus is not deactivated 



due to polar functional groups. 

The present invention also provides a method for producing a cyclic olefin polymer 
having polar functional groups and a high molecular weight in a high yield by using the 
catalyst system. 

The present invention also provides a cyclic olefin polymer with polar functional 
groups that has a high glass transition temperature, desirable thermal and oxidative 
stability, desirable chemical resistance and adhesion to metaL 

The present invention also provides an optical anisotropic film made from a cyclic 
olefin polymer having polar functional groups. 

According to an aspect of the present invention, there is provided a catalyst system 
for producing cyclic olefin polymers having polar functional groups, which comprises: 

i) a procatalyst represented by formula (1) containing a group 10 metal and a ligand 
containing hetero atoms bonded to the metal; 

ii) a cocatalyst represented by formula (2) including a salt compound which is 
capable of providing a phosphonium cation and an anion weakly coordinating to the 
metal of the procatalyst 




2-p 



(1) 



[19] where X is a hetero atom selected from S, O and N; 

[20] R, is -CH-CHR 20 , -OR 20 , -SR 20 , -N(R 20 ) 2 , -N=NR 20 , ~P(R 20 ) 2 , -C(0)R 20 , 

~C(R 20 )-NR 20 , -C(0)OR 20 , -OC(0)OR 2 °, ~OC(O)R 20 3 »C(R 20 )=CHC(O)R 20 , -R 2l C(0)R 20 , 
-R 2, C(0)OR 2 ° or 4t 2l OC(0)R 20 , where R 20 is a hydrogen, a halogen, a linear or 
branched Ci. 5 alkyl, a linear or branched Ci.s haloalkyl s a linear or branched C 5 .io 



SUBSTITUTE SHEET (RULE 26) 



WO 2006/031067 PCT/KR2005/003054 

cycloallcyl, a linear or branched C2.5 allcenyl, a linear or branched C 2 -5 haloalkenyl, or an 
optionally substituted C7-24 arallcyi, and R 21 is a C r . 2 o hydrocarbyiene; 

[21] R 2 is a linear or branched C^o allcyl, allcenyl or vinyl, a C5-12 cycloallcyl optionally 
substituted by a hydrocarbon, a C<mo aryl optionally substituted by a hydrocarbon, a 
C7.J5 aralkyi optionally substituted by a hydrocarbon, or C3.20 alkynyl; 

[22] M is a group 10 metal; and 

[23] p is an integer from 0 to 2, and 

[24] [(R 3 )-P(R4) a (R40b[Z(R5)d]c][Ani] (2) 

[25] where each of a, b and c is an integer from 0 to 3, and a+b+c ~ 3; 
[26] Z is O, S, Si or N; 

[27] d is 1 when Z is O or S, d is 2 when Z is N, and d is 3 when Z is Si; 
[28] R 3 is a hydrogen, an alkyl, or an aryl; 

[29] each of Rp and R 5 is a hydrogen; a linear or branched Ci_ 20 alkyl, alkoxy, allyl, 
allcenyl or vinyl; a C 3 „i 2 cycloalkyl optionally substituted by a hydrocarbon; a C^ 0 aryl 
optionally substituted by a hydrocarbon; a C7-15 arallcyi optionally substituted by a 
hydrocarbon; a C^ 2Q alkynyl; a tri(linear or branched C M0 alkyl)silyl; a tri(linear or 
branched C M0 alkoxy)silyl; a tri(optionally substituted C^ u cycloallcyl)silyl; a 
tri(optioimlly substituted C M0 aryl)silyl; a tri(optionaily substituted C 6 ^o aryloxy)silyl; a 
tri(linear or branched C M0 alkyl)siloxy; a tri(optionally substituted C3-12 
cycloalkyl)siloxy; or a tri(optionally substituted C M0 aryl)siloxy, in which each 
substituent is a halogen or Ci. 20 haloallcyl; and 

[30] [Ani] is an anion capable of weakly coordinating to the metal M of the procatalyst and 
is selected from the group consisting of borate, aluminate, [SbF 6 K P^eK [AsF 6 ]-, 
perfluoroacetate([CF 3 C0 2 ]-), perfluoropropionate([C 2 F5C0 2 ]-) 5 
perfluorobutyrate([CF 3 CF 2 CF 2 C0 2 ]-), perchlorate([Cl0 4 ]~), 
p-toluenesulfonateCjp-CHsCcHjSOs]-), [S0 3 CF 3 3~, boratabenzene, and carborane 
optionally substituted with a halogen. 

[31] In the catalyst system, the borate or aluminate of formula (2) may be an anion 
represented by formula (2a) or (2b): 

[32] [MWd (2a), 

[33] [M<(OR 6 ) 4 ] (2b) 

[34] where M' is B or Al; 

[353 R 6 is a halogen, a linear or branched C^o alkyl or alkenyl optionally substituted by a 
halogen, a C 3 _, 2 cycloallcyl optionally substituted by a halogen, a C 6 ^ 0 aryl optionally 
substituted by a hydrocarbon, a C^o aryl optionally substituted by a linear or branched 
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[36] 



[37] 



[38] 
[39] 



[40] 

[41] 
[42] 
[43] 



[44] 



[45] 



[46] 



C3-20 trialkylsiloxy or a linear or branched C t8 ^8 triarylsiloxy, or a C705 aralkyl 
optionally substituted by a halogen. 

In the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a group 10 metal containing compound represented 
by formula (3) and a phosphonium compound represented by formula (4), respectively; 



where each of X' and Y' is a hetero atom selected from S and O; 

each of R,\ R 2 \ R 2 " and R 2 '" is a linear or branched C x . 20 alkyl, alkenyl or vinyl; a 
C5-12 cycloalkyl optionally substituted by a hydrocarbon; a C 6 ^ 0 aryl optionally 
substituted by a hydrocarbon; a C 7 ., 5 aralkyl optionally substituted by a hydrocarbon; or 
a C3.20 allcynyl; 

M is a group 10 metal; and 

each of r and s is an integer from 0 to 2 and r+s = 2, and 



where R4 is a hydrogen; a linear or branched Cj. 20 alkyl, alkoxy, allyl, alkenyl or 
vinyl; an optionally substituted C3-12 cycloalkyl; an optionally substituted C M0 aryl; an 
optionally substituted C7.15 aralkyl; or a C 3 . 20 allcynyl, in which each substituent is a 
halogen or a C^o haloalkyl; and 

[Ani] is an anion capable of wealdy coordinating to the metal M of the procatalyst 
represented by formula (1) and is selected from the group consisting of borate, 
aluminate, [SbF 6 ]-, [PFJ-, [AsF 6 ]~, perfluoroacetate([ap 3 C0 2 ]-), 
perfluoropropionate([C 2 F 5 C0 2 ]-), perfluorobutyrate([CF3CF 2 CF 2 C02]-), 
perchlorate([C10 4 ]~), p-toluenesulfonate([p-CH 3 C6H4S03]-) ? [SO3CF3K boratabenzene, 
and cafborane optionally substituted by a halogen. 

hi the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a palladium compound represented by formula (3a) 
and a phosphonium compound represented by formula (4), respectively; 
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[47] where each of R] R 2 \ R 2 " and R 2 '" is a linear or branched C U20 alkyi, alkenyl or 

vinyl; a C 5 „ 12 cycloalkyl optionally substituted by a hydrocarbon; a C M0 atyl optionally 
substituted by a hydrocarbon; a C 7 . J5 arattcyl optionally substituted by a hydrocarbon; or 
a C3-20 allcynyl; and 

[48] each of r and s is an integer from 0 to 2 and r+s « 2, and 

[49] [H-P(R4) 3 3[Ani] (4) 

[50] where R4 and [Ani] are as defined above. 

[5 1] In the catalyst system, the procatalyst may be a compound represented by formula (1) 
in which the metal is Pd 3 p is 2, and the ligand having a hetero atom directly 
coordinating to the metal is acetylacetonate or acetate, and the cocatalyst may be a 
compound represented by formula (2) in which b is 0, c is 0, R 3 is H, and R4 is 
cyclohexyl, isopropyl, t-butyl, n-butyl or ethyl. 

[52] In the catalyst system, the molar ratio of the cocatalyst to the procatalyst is in the 
range of 0.5: 1 to 10:1. 

[53] In the catalyst system, a catalyst mixture including the procatalyst and the cocatalyst 

may be supported on an inorganic support. 
[54] In the catalyst system, the inorganic support may be at least one selected from the 

group consisting of silica, titania, silica/chromia, silica/chromia/titania, silica/alumina, 

aluminum phosphate gel, silanized silica, silica hydrogel, montoorillonite clay and 

zeolite. 

[55] In the catalyst system, the catalyst mixture including the procatalyst and the 

cocatalyst may be dissolved in an organic solvent selected from the group consisting of 
dichloromethane, dichloroethane, toluene, chlorobenzene and a mixture thereof 

[56] In the catalyst system, the catalyst mixture may include a metal catalyst complex 
composed of the procatalyst and the cocatalyst. 

[57] According to another aspect of the present invention, there is provided a method of 
producing cyclic olefin polymers having polar functional groups, which comprises: 

[5 8] preparing the catalyst system mixture according to the previous aspect of the present 
invention; and 



ci isacTm itc cucstt /di 11 1= oct\ 



WO 2006/031067 



PCT/KR2005/003054 



addition-polymerizing cyclic olefin monomers having polar fractional groups in the 
presence of an organic solvent and the catalyst system mixture at a temperature of 
80450 °C. 

[60] In the method, the cyclic olefin monomer is a compound represented by formula (5): 




(5) 

[62] where m is an integer from 0 to 4; 

[63] at least one of R 7 , R 7 \ R7" and R 7 5 " is a polar functional group and the others are 
nonpolar functional groups; 

[64] R 7 , R 7 \ R 7 " and R 7 m can be bonded together to form a saturated or unsaturated C^ 2 
cyclic group or a CV 2 < aromatic ring; 

[65] the nonpolar functional group is a hydrogen; a halogen; a linear or branched C1.20 
alkyl, haloaikyl, alkenyl or haloalkenyl; a linear or branched C 3 . 2 o alkynyl or 
haloallcynyl; a C3-12 cycloalkyl optionally substituted by an alkyl, an alkenyl, an alkynyl, 
a halogen, a haloaikyl, a haloalkenyl or haloallcynyl; a C M0 aryl optionally substituted 
by an alkyl, an alkenyl, an alkynyl, a halogen, a haloaikyl, a haloalkenyl or haloallcynyl; 
or a C7-15 aralkyl optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloaikyl, a haloalkenyl or haloallcynyl; 

[66] the polar functional group is a non-hydrocarbonaceous polar group having at least 
one O, N, P, S, Si or B and is -R 8 OR 9 , -OR 9 , -OC(0)OR 9 , -R 8 OC(0)OR 9 , -C(0)R 9 , 
~R 8 C(0)OR 9 , -C(0)OR 9 , ~R 8 C(0)R 9 , ~OC(0)R 9 , -R 8 OC(0)R 9 , -(R 8 0) k -OR 9 , 
-(OR s )irOR 9 , <XO)~0-C(0)R 9 , -R 8 C(0)-0-C(0)R 9 , -SR 9 , -R S SR 9 , -SSR 8 , -R 8 3SR 9 , 
-3(=0)R 9 , -R 8 S(=0)R 9 , -R 8 C(=S)R 9 , -R 8 C(=S)SR 9 , -R 8 S0 3 R 9 , ~S0 3 R 9 , -R 8 N<>S, 
-NCO, R a ~NCO, -CN, -R 8 CN, -NNC(=S)R 9 , -R 8 NNC(-S)R 9 , -N0 2s -R*N0 2 , 

[67] 
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[68] 



[69] 



where each of R 8 and R n is a linear or branched C K2 o alkyiene, haloalkylene, 
alkenylene or haioalkenyiene; a linear or branched C 3 . 20 alkynylene or haloalkynylene; a 
C 3 _i2 cycloallcylene optionally substituted by an alkyl, an aJkenyl, an alkynyl, a halogen, 
a haloalkyl, a haloalkenyl or haloalkynyl; a Q-40 arylene optionally substituted by an 
alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or a 
C7.15 aralkylene optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; 

each of R 9 , R 10 , R 12 and R 13 is a hydrogen; a halogen; a linear or branched Cwo alkyl, 
haloalkyl, alkenyl or haloalkenyl; a linear or branched C3-20 alkynyl or haloalkynyl; a 
C 3 . I2 cycloallcyl optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; a C 6 -4 0 aryl optionally substituted by an alkyl, 
an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; a C7-15 
aralkyl optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, 
a haloalkenyl or haloalkynyl; or an alkoxy, an haloalkoxy, a carbonyloxy or a 
halocarbonyloxy; and 
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[70] k is an integer from 1 to 10. 

[71] In the method, a total amount of the organic solvent may be 50-800% based on the 

weight of the total monomer in the monomer solution 
[72] In the method, the catalyst mixture may be added in a solid phase to the monomer 

solution. 

* 

[73] In the method, the amount of the catalyst mixture may be such that a molar ratio of 

the procatalyst to the total monomer is 1:2,500 to 1:200,000. 
[74] In the method, the monomer solution may further include a cyclic olefin compound 

having no polar functional group. 
[75] In the method, the monomer solution may further include a linear or branched C\„ 2 o 

olefin. 

[76] According to another aspect of the present invention, there is provided a polymer 
produced using the method described above, which is an addition polymer of a cyclic 
olefin monomer having a polar functional group represented by formula (5) and has a 
weight average molecular weight M w of 10,000-1,000,000: 

[77] 




(5) 

[78] where m, R 7 , R?\ R7" and R 7 '" are as defined above. 

[79] The cyclic olefin polymers having polar functional groups may include a cyclic olefin 
homopolymer, a copolymer of cyclic olefin monomers having different polar functional 
groups, or a copolymer of a cyclic olefin monomer having a polar functional group and 
a cyclic olefin monomer having no polar functional group. 

[80] According to another aspect of the present invention, there is provided an optical 
anisotropic film including a cyclic olefin polymer having a polar functional group. 

[81] The optical anisotropic film may have a retardation value R^ represented by Equation 
(1) of 704000 nm: 

R th = A (n y - n 2 ) x d 
(i) 
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[83] where n y is the refractive index along an in-plane fast axis measured at 550 ran; n 2 is 
the refractive index in a direction through the film thickness measured at 550 ran; and d 
is the thickness of the anisotropic film. 

[84] The optical anisotropic film may be 

[85] a negative C-pIate type optical compensation film for liquid crystal display, 

[86] satisfying 

[87] 

n x = n y < n 2 

[88] , where n x is the refractive index along an in-plane slow axis. 

Advantageous Effects 

[89] The catalyst system for polymerization of olefin according to the present invention 
has good thermal and chemical stability, and thus, in the method of preparing 
polyolefm using the catalyst system, the deactivation of a catalyst due to a polar 
functional group of the monomer can be prevented, and thus a high yield of the cyclic 
olefin polymer with a high molecular weight can be obtained when a ratio of the 
catalyst to the monomer is 1:5000, and the removal of a catalyst residue is not 
required. 

Description of Drawings 

[90] Figure 1 represents a molecular structure of tricyciohexylphosphonium 
(tetrakispentafluorophenyl)borate. 

Best Mode 

[91] A catalyst system for polymerization of olefin according to the present invention has 
good thermal and chemical stability, and thus, in a method of preparing polyolefm using 
the catalyst system, the deactivation of a catalyst due to a polar functional group of the 
monomer can be prevented, and thus a high yield of the cyclic olefin polymer with a 
high molecular weight can be obtained from a small amount of the catalyst and the 
removal of a catalyst residue is not required. 

[92] A catalyst system according to an embodiment of the present invention includes: (i) a 
procatalyst represented by formula (1) containing a group 10 metal and a ligand 
containing hetero atoms bonded to the metal and (ii) a cocatalyst represented by 
formula (2) including a salt compound which is capable of providing a phosphonium 
cation and an anion wealdy coordinating to the metal of the procatalyst. The 
procatalyst is very stable even in the presence of a monomer having a polar functional 
group and the phosphonium cocatalyst does not generate an amine, which is produced 
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by ammonium borate and poisons a catalyst. Further, in a reaction between the 
procatalyst and the cocatalyst, a phosphine is formed to stabilize the cationic species, 
thereby inhibiting the deactivation of the catalyst by a polar functional group of a 
monomer. 

[93] In the catalyst system, the borate or aluniinate of formula (2) may be an anion 

represented by formula (2a) or (2b): 
[94] WR 6 ) 4 ) (2a), 
[95] [M'(ORe),] (2b) 

[96] where M' is B or Al; R$ is a halogen, a C1-20 alkyi or alkenyl optionally substituted by 
a halogen, a C 3 -n cycloallcyl optionally substituted by a halogen, a C M0 aryl optionally 
substituted by a C 3 . 20 hydrocarbon, a C 6 4 0 aryl substituted by a linear or branched C 3 „ 2 o 
trialkylsiloxy or a linear or branched C 1E -48 triarylsiloxy, or a Cy mt5 aralkyl optionally 
substituted by a halogen. 

[97] In the catalyst system, the procatalyst represented by formula (1) and the cocatalyst 
represented by formula (2) may be a compound represented by formula (3) and a 
compound represented by formula (4), respectively; 




(3) 

[99] where each of X' and Y 9 is a hetero atom selected from S and O; each of R } \ R 2 \ 
R 2 " and R 2 5 " is a linear or branched C u20 allcyl, alkenyl or vinyl, a C5-12 cycloallcyl 
optionally substituted by a hydrocarbon, a Qmo aryl optionally substituted by a 
hydrocarbon, a C 7 -!5 aralkyl optionally substituted by a hydrocarbon, or a C 3 . 20 alkynyl; 
M is a group 10 metal; and each of r and s is an integer from 0 to 2 and r+s = 2, and 

[100] [H-P(R4) 3 ][Ani] (4) 

[101] where R4 is a hydrogen, a linear or branched C U 2o allcyl, alkoxy, allyl, alkenyl or 

vinyl, an optionally substituted C 3 . 12 cycloallcyl, an optionally substituted C wo aryl, an 
optionally substituted C 1A $ aralkyl, or a C 3 . 2 o allcynyl, in which each substituent is a 
halogen or a Q-20 haioalkyl; and [Ani] is an anion capable of weakly coordinating to the 
metal M of the procatalyst represented by formula (1) and is selected from the group 
consisting of borate, aluminate, [SbF 6 K [PF^]-, [AsF 6 ]-, perfiuoroaeetate([CF 3 C0 2 ]~), 
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perfluoropropionate([C 2 F5C0 2 ]~) J perfluorobutyrate([CF 3 CF2CF 2 C02]"), 
perchlorateftClOJ-), p-toluenesulfoBate([p-CH 3 C(5H4S03]-) 3 [S0 3 CF 3 ]-, boratabenzene, 
and carborane optionally substituted by a halogen. 
[102] In the catalyst system, the procataiyst represented by formula '(1) and the cocatalyst 
represented by formula (2) may be a palladium compound represented by formula (3a) 
and a phosphonium compound represented by formula (4), respectively; 

[103] 



[104] 



[105] 
[106] 
[107] 



[108] 




(3a) 

where each of R]\ R 2 \ R2" andR 2 '" is a linear or branched C u2 o allcyl, alkenyl or 
vinyl, a C 5 . l2 cycloalkyl optionally substituted by a hydrocarbon, a C 6 -4o aryl optionally 
substituted by a hydrocarbon, a Cms aralkyl optionally substituted by a hydrocarbon* or 
a C 3 .2o allcynyl; and each of r and s is an integer from 0 to 2 and r+s « 2, and 
[H~P(R4) 3 ][Ani] (4) 

where R4 and [Ani] are as defined above. 

In the procataiyst represented by formula (1), the metal may be Pd, p may be 2, and 
the ligand having a hetero atom directly coordinating to Pd may be acetylacetonate or 
acetate, and in the cocatalyst including a salt compound having a phosphonium 
represented by formula (2), b may be 0, c may be 0, R 3 may be H, and R4 may be 
cyclohexyi, isopropyl, t-butyl, n-butyl or ethyl. 

A catalyst mixture forming the catalyst system of the present embodiment and 
including (i) a procataiyst represented by formula (1) containing a group 10 metal and a 
ligand containing hetero atoms bonded to the metal and (ii) a cocatalyst represented by 
formula (2) including a salt compound which is capable of providing a phosphonium 
cation and a weakly coordinating anion does not decompose at the polymerization 
temperature of 80-1 50 °C , is stable in the presence of polar functional groups, and shows 



high activity. 

[109] The phosphonium compound used as the cocatalyst in the catalyst system has an 

electronically stabilizing ability and thermally and chemically activates transition metal 
compounds. In the catalyst system, the molar ratio of the cocatalyst to the procataiyst 
containing the group 10 transition metal is in the range of 0.5: 1-10: L When the molar 
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ratio of the cocatalyst to the procatalyst is less than 0.5:1, the effect of activating the 
procatalyst is insufficient When the molar ratio of the cocatalyst to the procatalyst is 
greater than 10: 1 , an excess of a phosphonium compound coordinates to the metal to 
prevent a norbornene monomer from coordinating to the metal and the cationic catalyst 
active species is too electronically stabilized to interact with the double bond of a 
norbornene monomer, thereby resulting in a decrease in both polymerization yield and 
molecular weight 

[110] The catalyst mixture including the procatalyst and the cocatalyst may be supported on 
an inorganic support The inorganic support may be silica, titania, silica/chrotnia, 
silica/chromia/titania, silica/alumina, aluminum phosphate gel, silanized silica, silica 
hydrogel, montmoriilonite clay or zeolite, When the catalyst mixture is supported on 
an inorganic support, a molecular weight distribution of a polymer can be controlled by 
appropriately selecting the inorganic support and the polymer morphology can be 
improved. 

[Ill] The catalyst mixture can be used in a solid phase without a solvent or can be mixed 
in a solvent to form a preformed catalyst in the form of a mixture or a complex of the 
respective catalyst components, i.e. the group 10 metal compound and the phosphonium 
compound. Further, each of the catalyst components can be directly added to the 
polymerization reaction system without being preformed. Solvents in which the 
catalyst mixture may be dissolved include dichloromethane, dichloroethane, toluene, 
chlorobenzene or a mixture thereof. 

[112] The catalyst mixture may be a metal catalyst complex composed of the procatalyst 
and the cocatalyst. 

[113] A method of producing cyclic olefin polymers having polar functional groups 

according to an embodiment of the present invention includes: preparing a catalyst 
mixture including (i) a procatalyst represented by formula (1) containing a group 10 
metal and a ligand containing hetero atoms bonded to the metal and (ii) a cocatalyst 
represented by formula (2) including a salt compound which is capable of providing a 
phosphonium cation and an anion wealdy coordinating to the metal of the procatalyst; 
and addition-polymerizing cyclic olefin monomers having polar functional groups in the 
presence of an organic solvent and die catalyst mixture at a temperature of 80-150 

[1 14] As to a polymerization temperature, in the case of general organometallic 
polymerization catalysts, when the polymerization temperature increases, the 
polymerization yield increases, whereas a molecular weight of a polymer decreases or 
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catalysts lose the polymerization activity by thermal decomposition (Kaminsky et aL 
Angew. Chem. Int Ed., 1985, vol 24, 507; Brooldiart et al. Chem. Rev. 2000, vol 100, 
1 169; Resconi et al Chem, Rev. 2000, vol 100, 1253). When the polymerization 
temperature increases, p -hydrogen of a growing polymer chain bonded to the metal is 
eliminated and the growing polymer chain departs from the metal, thereby resulting in a 
decrease of the molecular weight. 

[115] Meanwhile, a polar group of a norbornene monomer interacts with the catalyst at 

room temperature to prevent the double bond of a norbornene from coordinating to an 
active site of the catalyst, thereby resulting in a decrease in the polymerization yield and 
the molecular weight However, when the polymerization temperature increases, the 
double bond of a norbornene is easy to insert into the metal-growing polymer chain 
bond to increase the activity and a p -hydrogen of a growing polymer chain bonded to 
the metal cannot form a stereo structural environment to be eliminated where it can 
interact with the catalyst in view of inherent properties of the norbornene monomer, 
thereby increasing the molecular weight of the polymer (Kaminsky et al. Macromol. 
Symp. 1 995, vo! 97, 225). Thus, it is necessary to increase the polymerization 
temperature. However, most catalysts conventionally used to produce 
polynorbornenes having polar functional groups tend to decompose at 80 °C or higher, 
and thus polymers having high molecular weights cannot be obtained with a high yield. 

[116] However, the catalyst of the present embodiment is structurally stable at 80 °C or 

higher and prevents an interaction between the polar functional group of the norbornene 
monomer and the cationic catalyst, and thus a catalyst active site can be formed or 
recovered, thereby producing a high molecular weight cyclic olefin polymer having a 
polar functional group with a high yield. When the polymerization temperature is 
higher than 150°C , catalyst components are decomposed in solution, and thus it is 
difficult to produce a cyclic olefin polymer having a polar functional group and a high 
molecular weight with a high yield. 

[1 17] The cyclic olefin monomer used in the method is a norbornene-based monomer 
having a polar functional group. A norbornene-based monomer or norbornene 
derivative is a monomer having at least one norbornene (bicyclo[2.2.2]hept-2-ene) unit. 
The norbornene-based monomer is represented by formula (5): 

[118] 
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[119] 




(5) 

where m is an integer from 0 to 4; at least one of R 7 , R 7 \ R7" and R 7 '" is a polar 
functional group and the others are nonpolar functional groups; R 7 , R 7 \ R 7 " and R 7 ,n 
can be bonded together to form a saturated or unsaturated C4.12 cyclic group or a Q. 2 4 
aromatic ring, in which the nonpolar functional group is a hydrogen, a halogen, a linear 
or branched C } . 2 o alkyl, haloalkyl, alkenyl or haloalkenyl, a linear or branched C3.20 
allcynyl or haloallcynyl, a C 3 „ n cycloalkyl optionally substituted by an alkyl, an alkenyl, 
an allcynyl, a halogen, a haloalkyl, a haloalkenyl or haloallcynyl, a C 6 ^o aryl optionally 
substituted by an alkyl, an alkenyl, an allcynyl, a halogen, a haloalkyl, a haloalkenyl or 
haloallcynyl, or a C 7 . l5 aralkyl optionally substituted by an alkyl, an alkenyl, an alkynyl, 
a halogen, a haloalkyl, a haloalkenyl or haloallcynyl; and the polar functional group is a 
non-hydrocarbonaceous polar group having at least one O, N, P, S, Si or B and is 
-R 8 OR 9 , -OR 9 , -OC(0)OR 9 , -R 8 OC(0)OR 9 , ~C(0)R 9 , ~R 8 C(0)OR 9 , -C(0)OR 9 , 
~R 8 C(0)R 9 , -OC(0)R 9 , -R 8 OC(0)R 9 , -(R 8 0) r OR 9 , -(ORVOR 9 , ~C(0)~(>C(0)R 9 , 
-R 8 CCO)-0-C(0)R 9 , -SR 9 , -R 8 SR 9 , -SSR 8 , -R 8 SSR 9 , -3(0)R 9 , ~R 8 S(=0)R 9 , -R 8 C(=S)R 9 , 
-R 8 C(=S)SR 9 , ~R 8 80 3 R 9 , -SO3R 9 , ~R 8 NOS 5 -NCO, R 8 -NCO, -CN, -R 8 CN, 
~NNC(-S)R 9 , -R 8 NNC(=S)R 9 , ~N0 2 , »R 8 N0 2 , 
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[121] , where each of R 8 and R 11 is a linear or branched C,. 2 o alkylene, haloallcylene, 

allcenylene or haloalkenylene, a linear or branched C 3 . 2 o alkynylene or haloallcynylene, a 
C^\ 2 cycloalkylene optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, 
a haloalkyl, a haloalkenyl or haloalkynyl, a C^o arylene optionally substituted by an 
alkyl, an alkenyl, an allcynyl, a halogen, a haloallcyl, a haloalkenyl or haloalkynyl, or a 
C7.15 aralkylene optionally substituted by an alley 1, an alkenyl, an allcynyl, a halogen, a 
haloallcyl, a haloalkenyl or haloalkynyl; each of R 9 , R 10 , R 12 and R 13 is a hydrogen, a 
halogen, a linear or branched Q.20 alkyl, haloalkyl, alkenyl or haloalkenyl, a linear or 
branched C 3 . 2 o allcynyl or haloalkynyl, a C 3 -n cycloalkyl optionally substituted by an 
alkyl, an alkenyl, an allcynyl, a halogen, a haloallcyl, a haloalkenyl or haloalkynyl, a 
C<>-40 aryl optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloallcyl, a haloalkenyl or haloalkynyl, a C7-15 aralkyl optionally substituted by an alkyl, 
an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl, or an 
alkoxy, an haloalkoxy, a carbonyloxy or a halocarbonyloxy; and k is an integer from 1 
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to 10. 

[122] In the polymerization method, the total amount of the organic solvent in the reaction 
system may be 50-800%, and preferably 50-400%, by weight based on the total weight 
of the monomer in the monomer solution. When the total amount of the organic 
solvent in the reaction system is less than 50% based on the total weight of the 
monomer in the monomer solution, the mixing during the polymerization reaction is 
difficult due to the high viscosity of the polymer solution. When the total amount of 
the organic solvent in the reaction system is greater than. 800% based on the total weight 
of the monomer in the monomer solution, both the polymerization yield and the 
molecular weight are reduced due to a low polymerization rate. 

[123] In the polymerization method, the molar ratio of the catalyst mixture based on the 
group 10 transition metal compound to the monomers contained in the monomer 
solution is in the range of 1:2,500 - 1:200,000, This ratio of the catalyst to the 
monomers is far smaller than that used in a conventional polymerization reaction 
system for preparing a polar cyclic olefin polymer, however it is sufficient to exhibit 
catalytic activity in the method of preparing a high molecular weight cyclic olefin 
polymer according to the present embodiment. Preferably, the molar ratio of the 
catalyst system to the monomers is in the range of I: 5,000-1 : 20,000. 

[1 24] Jh the method, the monomer solution may further include cyclic olefin having a 
non-polar functional group. 

[1 25] In the method, norbornene monomers and catalysts are dissolved in a solvent, mixed, 
and then polymerized, as a conventional polymerization method of norbornene polymer. 
By performing the method of the present embodiment, the cyclic olefin polymer 
containing polar functional groups having a molecular weight of 100,000 or more can 
be prepared with a yield of 40% or higher. In order to fabricate an optical film using 
the cycloolefin polymer, the molecular weight of the cycloolefin polymer is preferably 
controlled to 100,000-1,000,000. To control the molecular weight, a linear or 
branched cyclic Cj.^o olefin may be further used. Examples of the olefin include 
14iexene ? 1 -oetene, cyclopentene, ethylene, etc. Such an olefin is added to the end of 
an extending polymer chain and a ^-hydrogen of the added olefin is easily eliminated, 
thereby producing a polymer having a desirable molecular weight. 

[126] In a conventional polymerization method, cyclic olefin polymers containing polar 
functional groups are prepared with a very low yield and a low molecular weight, 
whereas the present method produces a high molecular weight cycloolefin polymer 
containing polar functional groups with a high yield. 
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[1 27] A cyclic olefin polymer having a polar group according to an embodiment of the 

present invention is provided. Preferably, a norbornene-based polymer having a polar 
functional group produced according to the method of the previous embodiment is an 
addition-polymer of a cyclic olefinic monomer represented by formula (5) and has a 
weight average molecular weight (M w ) of 10,000-1 ,000,000. 

[128] A norbornene addition polymer having a polar functional group produced using the 
method of the present embodiment includes at least 0.1-99.9 mol% of a 
norbomene-based monomer having a polar functional group, in which the norbornene 
having a polar functional group is composed of a mixture of endo and exo isomers and 
the deterioration of the catalytic activity by endo-isomers containing polar functional 
groups can be avoided and thus a composition ratio of the mixture is not critical for 
polymerization performance. 

[129] In accordance with the method of the invention, a homopolymer is prepared by 

polymerizing same norbomene-based monomer containing a polar functional group, or 
a copolymer including dK tri- and multi-copolymers is prepared by polymerizing 
different polar functional norbomene-based monomers, or a copolymer including di-, 
tri- and multi-copolymers is prepared by polymerizing a polar functional norbornene 
-based monomer and a norbornene monomer having a non-polar functional group. 

[ 1 30] The norbomene-based polymer containing polar functional groups prepared in 
accordance with the method of the present invention is transparent, has sufficient 
adhesion to metals or polymers containing different polar functional groups, thermal 
stability and strength, and exhibits a low dielectric constant sufficient to be used as 
insulating electronic materials. The cyclic olefin polymer produced by the present 
invention has a desirable adhesion to substrates of electronic components without 
requiring a coupling agent, and at the same time, a sufficient adhesion to metal 
substrates, e,g., Cu, Ag and Au. Further, the cyclic olefin polymer of the present 
invention exhibits desirable optical properties so that it can be used as materials for 
protective films of polarizing plates and electronic components such integrated circuits 
(ICs), printed circuit boards, multichip modules, and the like. 

[131] The polymer of the present embodiment can be used to produce an optical anisotropic 
film capable of controlling birefringence, which could not be produced with the 
conventional method. 

[1 32] A conformational unit of a general cyclic olefin has one or two stable rotation 

conditions, and thus can achieve an extended form such as polyamide having a rigid 
phenyl ring as a backbone. When a polar functional group is introduced into a 



cm ir*o 



WO 2006/A31067 



4.S 



PCT/KR2005/003054 



norbornene-based polymer with an extended form, the interaction between molecules 
increases compared to polymers having simple forms, and thus packing of molecules 
has a directional order, thereby producing optical and electronic anisotropy. 

[133] The birefringence can be controlled according to the type and the amount of the polar 
functional group in the cyclic olefin polymer, hi particular, the birefringence in a 
direction through the film thickness is easily controlled, and thus the polymer of the 
present embodiment can be used to produce an optical compensation film for various 
modes of a liquid crystal display (LCD). 

[ 1 34] The optical anisotropic film of the cyclic olefin polymer having a polar functional 
group can be prepared by solution casting or can be prepared with a blend of one or 
more cyclic olefin polymers. 

[135] In order to prepare a film by solution casting, it is.preferable to introduce a cyclic 
olefin polymer in a solvent in amount of 5-95% by weight, and preferably 10-60% by 
weight, and stirring the mixture at room temperature. The viscosity of the prepared 
solution is 100-10,000 cps, and more preferably 300-8000 cps for solution casting. To 
improve the mechanical strength, heat resistance, light resistance, and rnanipulability of 
the film, additives such as a plasticizer, an anti-deterioration agent, a UV stabilizer or an 
antistatic agent can be added. 

[136] The optical anisotropic film thus prepared has a retardation value (R Ul ) of 70 to 1000 
nm, as defined by the following Equation 1: 

[137] 

R th = A (n y - n z ) x d 
(i) 

[138] where n y is the refractive index along an in-plane fast axis measured at 550 nm, n z is 
the refractive index toward thickness direction measured at 550 nm, and d is a film 
thickness. 

[139] The optical anisotropic film satisfies 

n x =n y < n 2 

[140] , where n x is the refractive index along an in-plane slow axis, and thus can be used as a 
negative C-plate type optical compensation film for an LCD. 

[141] Hereinafter, the present invention will be described in more detail with reference to 
the following Examples. However, these Examples are given for the purpose of 
illustration and are not to be construed as limiting the scope of the invention, 

[142] In the following Preparation Examples and Examples, all operations handling 
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compounds sensitive to air or water were carried out using a standard Schlenk technique 
or a dry box technique. Nuclear magnetic resonance spectra were obtained using a 
Brulcer 300 spectrometer. ] H NMR was obtained at 300 MHz, l3 C NMR at 75 MHz. 
The molecular weight and the molecular weight distribution of a polymer were 
determined by gel permeation chromatography (GPC) using standard polystyrene 
samples. Thermal analysis, such as TGA and DSC, was performed using TA 
Instrument (TGA 2050; heating rate 10 K/min). Toluene, hexane and Et 2 0 were 
distilled and purified in potassium/benzophenone and CH 2 C1 2 , and chlorobenzene was 
distilled and purified in CaH 2 . 
[ 1 43 ] Preparation of monomer having polar functional group 
[ 1 44] Preparation Example 1 ; Preparation of 5-norbornene-2-carboxylic methylester 

■ 

[145] Dicyclopentadiene (DCPD, available from Aldrich, 256.5 mL 5 1 .9 mol), methyl- 

acrylate(available from Aldrich, 405 mL, 4.5 mol) and hydroquinone (3.2 g, 0.03 mol) 
were charged into a 2L high pressure reactor and heated to 220 °C . The mixture was 
stirred at 300 rpm for 5 hours. After the reaction was completed, the resultant was 
cooled and transferred to a distiller. Vacuum distillation was carried out at 50 °C using 
a vacuum pump at 1 torr to obtain the product (yield: 57. 6%, exo/endo==58/42). 

[146] 1 H-NMR (600MHz, CDCl 3 ), endo: 8 6.17 (dd, 1H), 5.91 (dd, 1H), 3.60 (s, 3H) S 

3.17 (b, 1H), 2.91 (m, 1H), 2.88 (b, 1H), 1.90 (m, 1H), 1.42 (m, 2H) 5 1.28 (m, 1H); exo: 
8 6.09 (m, 2H), 3.67 (s, 3H), 3.01 (b, 1H), 2.88 (b, 1H), 2.20 (m, 1H), L88 (m, 1H) 3 
1.51 (d, 1H), 134(m,2H). 

[147] Preparation Example 2: Preparation of 5-norbornene-2-allylacetate 

[148] DCPD (available from Aldrich, 248 mL, 1.852 mol), allylacetate (available from 
Aldrich, 500 mL, 4.63 mol) and hydroquinone (0.7 g, 0.006 mol) were charged into a 
2L high pressure reactor and heated to 190 °C . The mixture was stirred at 300 rpm for 
5 hours. After the reaction was completed, the resultant was cooled and transferred to 
a distiller. Vacuum distillation was carried out 2 times at 56 "C using a vacuum pump 
at 1 torr to obtain the product (yield: 30%, exo/endo=57/43). 

[149] 'H-NMR (300MHz, CDC1 3 ) : 6 6.17 -5.91 (m, 2H), 4.15 ~ 3.63 (m, 2H), 

2.91 ~ 2.88 (m, 2H), 2.38 (m, 1H) , 2.05 (s, 3H), 1.83 (m, 1H), 1.60 - 1.25 (m, 2H) , 
0.57 (m, 1H ). 

[150] Preparation of cocatalyst 

[151] Preparation Example 3: Preparation of (Cy) 3 PHCl 

[152] (Cy) 3 P (2.02 g, 7.2 mmol; Cy = cyclohexyl) was dispersed in Et 2 0 (150 mL) in a 250 
mL Schlenk flask. Then, anhydrous HC1 (14.4 mL, 1.0 M in ether) was added to the 
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solution at room temperature to give a white solid. After stirring for about 20 minutes, 

the solid was filtered through a glass filter and washed three times with Et 2 0 (80 mL). 

Thereafter, the residual solvent was removed at room temperature in vacuum to obtain 

(Cy) 3 PHCl (86%, 1.95 g). 
[153] 'H-NMR (600MHz, CD 2 C1 2 ) : 57.02 -6.23 (d, 1H, J M =470 Hz), 2.56 ~ 1.30 (m, 

33H); l3 C-NMR (600MHz, CD 2 C1 2 ) : 828.9 (d), 28.5 (d), 26.8 (d), 25.6 (s). 31 P-NMR 

(600MHz, CD 2 C1 2 ) : 5 22.98 (d, J P . H =470 Hz). 
[154] Preparation Example 4: Preparation of (n-Bu) 3 PHCl 

[155] (n~Bu) 3 P (2.0 g, 10.0 mmol, n-Bu==n-butyl) was dispersed in Et 2 0 (150 mL) in a 250 
mL Schlenk flask. Then, anhydrous HQ (20.0 mL, 1.0 M in ether) was added to the 
solution at room temperature to give a white solid. After stirring for about 20 minutes, 
the solid was filtered through a glass filter and washed three times with Et 2 0 (80 mL). 
Thereafter, the residual solvent was removed at room temperature in vacuum to obtain 
(n-Bu) 3 PHCl (90%, 2.15 g). 
[156] Preparation Example 5: Preparation of [(Cy)3PH][B(C 6 F 5 ) i) ] 
[157] [LiltBCQFs)^ (1.0 g, 1.46 mmol) was suspended in CH 2 C1 2 (20 mL) in a 100 mL 
Schlenk flask and the CH 2 C1 2 (20 mL) solution of (Cy) 3 PHCl (0.56 g, 1 .75 mmol) 

i 

prepared in Example 3 was slowly added thereto. After stirring for 1 hour, the 
resulting slurry was filtered to yield a dark yellow filtrate and the solvent was removed 
in vacuum to obtain 1ricyclohexylphosphonium(tetrakispentafluorophenyl)borate 
[(Cy)3PH][B(C,Fs)4] (90%, L26g). 
[158] 'H-NMR (600MHz, CD 2 Ci 2 ): 55.32 -4.65 (d, 1H, J H -p=440 Hz), 2.43 ~ 1.33 (m, 

33H); ,3 C~NMR (600MHz, CD 2 C1 2 ): 5149.7, 148.1, 139.7, 139.2, 138.1, 138.0, 137.8, 
136.2, 125.1, 124.9, 29.0, 28.8, 26.7 (d), 25.4 (s). 3I P~NMR (600MHz, CD 2 C1 2 ): 31.14 
(d, Jp.h-440 Hz). ,9 F-NMR (600MHz, CD 2 C1 2 ); 430.90, 461.51, 463.37. 
[159] Crystals suitable for an X-ray diffraction study were grown from a dichioromethane 
solution. The result of an X-ray crystal structure determination is presented in Figure 
1 . Interestingly, the structure shows that the nonbonding interaction between the 
phosphorous atom of [(Cy) 3 PH] part and the fluorine atom of [B(C 6 Fs)4] part exists. 
[160] Preparation Example 6: Preparation of [(Cy) 3 PH][(B(C6F 5 )4) 
[161] [(Cy) 3 PH] [^(QsFsW was prepared in the same manner as described in Preparation 
Example 5, except that [Na][B(C 5 F 5 ) 4 ] or [MgBr][B(C 6 F 5 )4] was used instead of 
[Li] [B(C6F 5 )4] . The synthesis yield was about 90%, similar to Example 5 . 
[162] Preparation Example 7: Preparation of [(n4Ju)^H][(B(C<sFs)4) 
[163] [Li3p(QF 5 KI (1.0 g, 1 .46 mmol) was suspended in CH 2 C1 2 (20 mL) in a 100 mL 
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Schlenk flask and the CH 2 C1 2 (20 mL) solution of (n-Bu) 3 PHCl (0.42 g, 1.75 rnmol) 
prepared in Example 4 was slowly added thereto. After stirring for 1 hour, the 
resulting slurry was filtered to yield a dark yellow filtrate and the solvent was removed 
in vacuum to obtain tri n-butylphosphonium(tetrakispentafluorophenyl) borate 

[(n-Bu) 3 PH][B(C 6 F 5 )4] (87%, 1.12 g). 
[164] Preparation Example S: Preparation of [(t-Bu) 3 PH][(B(C6F 5 )4) 
[165] (t-Bu) 3 P (0.35 g, 1 .73 rnmol, t~Bu-t-butyl) was dispersed in Et 2 0 (30 mL) in a 250 

mL Schlenk flask. Then, anhydrous HC1 (1 .9 mL, 1.0 M in ether) was added to the 

solution at room temperature to afford a white solid. After stirring for about 20 

minutes, the solid was filtered through a glass filter and washed three times with Et 2 0 

(30 mL). Thereafter, the residual solvent was removed at room temperature in vacuum 

to obtain (t-Bu);jPHCl as a white solid. 
[166] (t-Bu) 3 PHCl was dissolved in CH 2 C1 2 (10 mL). hi a glove box, [Li] \BiC£ 5 ) 4 ] (1.07 

g, 1.56 rnmol) was placed in a 100 mL schlenk flask and dissolved in CH 2 C1 2 (20 mL). 

Then, the (t-Bu) 3 PHCl solution was added dropwiseto the [Li][B(C6F 5 ) 4 ] solution. 

After stirring for I hour, the resulting slurry was filtered to yield a green filtrate and the 

solvent was removed in vacuum to obtain tri 

t-butylphosphonium(tetraldspentafiuorophenyl)borate [(t-Bu) 3 PH] [BCQFsM (67%, 1.05 
g). 

[167] 'H-NMR (600MHz, CD 2 C1 2 ): 5534 -4.63 (d, 1H, J H -p=440 Hz), 1.61 (d, 27H); 

13 C-NMR (600MHz, CD 2 C1 2 ) : 5149.5, 147.9, 139.6, 138.0, 137.7, 136.0, 124.4, 38.3, 
30.4. 3, P-NMR (600MHz, CD 2 C1 2 ): 63.0 (d, J p .h=440 Hz). i9 F-NMR (600MHz, 
CD 2 C1 2 ) : 433.3, -163.9, 467.8. 

[168] Preparation Example 9; Preparation of [(Et) 3 PH][(B(QF 5 )4) 

[169] (Et) 3 P (0.8 g, 6.77 rnmol; Et - ethyl) was dispersed in Et 2 0 (50 mL) in a 250 mL 
Schlenk flask. Then, anhydrous HC1 (7.4 rnL, 1.0 M in ether) was added to the 
solution at room temperature to afford a white solid. After stirring for about 20 
minutes, the solid was filtered through a glass filter and the resultant was washed with 
hexane (30 mL). Thereafter, the residual solvent was removed at room temperature in 
vacuum to obtain (Et) 3 PHCl as a white solid. 

[170] (Et) 3 PHCl was dissolved in CH 2 C1 2 (10 mL). In a glove box, [Li][B(C 6 F 5 )4] (4.41 g, 
6.43 rnmol) was placed in a 100 mL Schlenk flask and dissolved in CH 2 C1 2 (50 mL). 
Then, the (Et) 3 PHCl solution was added dropwise to the [Li][B(C 6 F 5 ) 4 ] solution. After 
stirring for 1 hour, the resulting slurry was filtered to yield a green filtrate and the 
solvent was removed in vacuum to obtain 
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triethylphosphonium(tetraldspentafluorophenyl)borate [(Et) 3 PH][B(C d F s ) 4 ] (54%, 2.91 
g)- 

[171] 'H-NMR (600MHz, CD 2 C1 2 ): 56.06 (m, 0.5H), 530 (m, 0.5H), 2.28 (m } 6H), 1,40 
(m, 9H); 13 C-NMR (600MHz, CD 2 C1 2 ) : 8149.5, 147.9, 139.7, 138.0, 137,9, 137.7, 
136.1, 124.6, 10.6 (d), 6.8 (d). 31 P-NMR (600MHz, CD 2 C1 2 ): 263 (d). ,9 F-NMR 
(600MHz, CD 2 C1 2 ): -133.5, 463.7, 467.8. 

[ 1 72] Preparation of cyclic olefin addition-polymers 

[173] Example 1 : Polymerization of 5-norbomene-2-allylacetate 

[1 74] 5-norbomene~2-allylacetate (NB-CH 2 -0-C(0)-CH 3 ) (5 mL, 30.9 rnmol, 

NB^norbornene) and toluene (18 mL) were charged into a 250 mL Schlenk flask. 
Palladium acetate (Pd(QAc) 2 )(OAc~acetate, 0.46 mg 3 N 2.06 p mol) and 
[(Cy)3PHJ[(B(C6F5)4) (5.0 mg, 5.2 y mol) were dissolved in CH 2 C1 2 (1 mL) and added 
to the monomer solution. While the reaction mixture was stirred for 1 8 hours at 90 °C , 
the reaction mixture became viscous. After the reaction was completed, 100 ml of 
toluene was added to the viscous solution to dilute it. The solution was poured into an 
excess of ethanol to precipitate a white polymer, which was filtered through a glass 
funnel, washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield 
5-norbornene-2-allylacetate polymer (4.73 g: 92.2 % by weight based on the total 
weight of used monomers). The weight average molecular weight (Mw) of the 
polymer was 250,071 and Mw/Mn was 2.70. 

[175] Example 2: Polymerization of 5-norbornene~2-allylacetate 

[176] A polymer of 5-norbornene-2-allylacetate was obtained in the same manner as 
described in Example 1 , except that Pd(OAc) 2 (0. 14 mg, 0.62 y mol) and 
[(Cy)3PH][(B(C 6 F 5 ) 4 ) (1 .2 mg, 1 .24 p mol) were used and the polymerization 
temperature was 100 °C. The resulting polymer was obtained in 4.00 g of yield (78 % 
by weight based on the total weight of used monomers). The weight average 
molecular weight (Mw) of the polymer was 262,149 and Mw/Mn was 2.09. 

[177] Example 3: Copolymerization of 5-norbornene-2-allylacetate and 
5 -butylnorboraene 

[178] 5~norbomene-2-allylacetate (NB-CH 2 -0-C(0)-CH 3 ) (5 mL, 30.9 mmol), 

5-butylnorbornene (1.3 mL, 7.7 mmol), and toluene (73 mL) were charged into a 250 
mL Schlenk flask. Pd(OAc) 2 (047 mg, 0.77 y mol) and [(Cy) 3 PH][(B(C 6 F 5 ) 4 ) (1 .48 
mg, L55 y mol) were dissolved in CH 2 C1 2 (1 mL) and added to the monomer solution. 
While the reaction mixture was stirred for 18 hours at 90 °C, the reaction mixture 
became viscous. After the reaction was completed, 120 ml of toluene was added to the 
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viscous solution to dilute it. The solution was poured into an excess of ethanol to 
precipitate a white polymer, which was filtered through a glass funnel, washed with 
ethanol, and dried in vacuo at 80 °C for 24 hours to yield 

5-norbomene-2-allyiacetate/5-butyinorbornene copolymer (4.35 g: 69.2 % by weight 
based on the total weight of used monomers). The weight average molecular weight 
(Mw) of the copolymer was 303,550 and Mw/Mn was 2.16. 
[179] Example 4: Copolymerization of 5-ilorbomene-2-allylacetate and 
5 -butylnorbornene 

[180] 5-norbornene-2-allylacetate and 5-butylnorbornene were copolymerized in the same 
manner as described in Example 3, except that Pd(OAc) 2 (0.09 mg, 0.39 p mol) and 
[(Cy) 3 PH] [B(C6F 5 ) 4 ] (0.74 mg, 0.77 p mol) were used. The resulting polymer was 
obtained in 2.9 g of yield (46 % by weight based on the total weight of used monomers). 
The weight average molecular weight (Mw) of the polymer was 362,680 and Mw/Mn 
was 1.96. 

[181] Example 5 : Copolymerization of 5-norbornene-2~allylacetate, 5-butylnorbornene and 
5-tK>rbornene~2~carboxylic methylester 

[1 82] 5~norbomene-2~allyIacetate (5 mL, 30.9 mmol), 5-butylnorbornene (1 .2 mL, 6.6 
mmol), 5~norbornene-2~carboxylic methylester (1 mL, 6.6 mmol) and toluene (12.4 
mL) were charged into a 250 mL Schlenk flask. Pd(OAc) 2 (0.66 mg, 2.94 p mol) and 
[(Cy) 3 PH][(B(C 6 F 5 )4) (5.65 mg, 5.88 y mol) were dissolved in CH 2 C1 2 (1 mL) and 
added to the monomer solution. While the reaction mixture was stirred for 18 hours at 
90 *C , the reaction mixture became viscous. After the reaction was completed, 120 ml 
of toluene was added to the viscous solution to dilute ii. The solution was poured into 
an excess of ethanol to precipitate a white polymer, which was filtered through a glass 
funnel, washed with ethanol and dried in vacuo at 80 °C for 24 hours to yield 
5-norbornene-2-allylacetate/5-butylnorbornene / 5-norbornene~2-carboxylic methylester 
polymer (6.45 g: 90.5 % by weight based on the total weight of used monomers). The 
weight average molecular weight (Mw) of the polymer was 211,891 and Mw/Mn was 
2.67. 

[1 83] Example 6: Copolymerization of 5-norbomene-2-allylacetate, 5-butylnorbornene and 
5-norbornene~2-carboxylic methylester 

[1 84] 5-norbomene-2-aIlylacetate, 5-butylnorbornene and 5-norbornene-2-carboxylic 
methylester were copolymerized in the same manner as in Example 5, except that 
Pd(OAc) 2 (0.20 mg, 0.88 p mol) and [(Cy) 3 PH][B(C 6 F 5 ) 4 3 (1.70 mg, 1.77 y mol) were 
used. The resulting polymer was obtained in 3.3 g of yield (46.7 % by weight based 
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on the total weight of used monomers). The weight average molecular weight (Mw) 
of the polymer was 261,137 and Mw/Mn was 2.01. 
[1 85] Examples 7-13: Polymerization of 5-norbornene-2-allylacetate 
[1 86] Polymers of 5-norbornene-2-allylacetate were prepared in the same manner as 

described in Example 1, except that the molar ratio of [(Cy) 3 PH] tB(QF 5 ) 4 ] to Pd(OAc) 2 
was changed to 2: 1, 1: 1, 2:3, 1 :2, 1 :4 and 1:8. 5-norbomene-2-ailylacetate (4 mL, 24.7 
mmol) and toluene (12 mL) were used and polymerization temperature and time were 
90 °C and 4 hours, respectively. The experimental procedure was carried out in the 
same manner as described in Example 1 and the results are shown in Table 1 
below. 



[187] Table 1 





Pd(OAc), 
(mg) 


[HP(Cy) 3 ] 
fBCCsFs^l 
(mg) 


Pd/B 
(molar 
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Yield 


Mw 


Mw/Mn 
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Example 
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1.1 


2.4 


2/1 


1.77 


43.2 


333,400 


2.11 


Example 

At 

8 


1.1 


4.7 


1/1 


3.52 


86.0 


272,800 


2.28 


Example 
9 


l.l 


7.1 


2/3 


3.82 


93.2 


260,000 


2.56 


Example 
10 


1.1 


9.5 


1/2 


3.83 


93.4 


256,300 


2.49 


Example 
11 

4 


1.1 


19.0 


1/4 


3.80 


90.5 


221,600 


2.45 


Example 
12 


1.1 


28.4 


1/6 


3.39 


82.7 


194,100 


2.23 


Example 
13 


1.1 


38.0 


1/8 


3.30 


80.5 


193,200 


2.20 



[188] Examples 14-16: Polymerization of 5-norbornene-2~aliylacetate 

[1 89] 5~norbomene-2-alIylacetate was polymerized together with cyclopentene in molar 

ratios of cyclopentene to 5-norbornene~2-allylacetate of 10:1 , 5:1 and 7:3. 

5-norboraene-2-allylacetate (10 mL, 6L7 mmol) and toluene (20 mL) were charged into 
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a 250 mL Schlenk flask. Pd(OAc) 2 was used in a molar ratio of 1 :5000 based on total 
amount of cyclopentene and the monomer and the molar ratio of [(Cy) 3 PH][B(C 6 F 5 )4] to 
Pd(OAc) 2 was 2: L The experimental procedure was carried out in the same maimer as 
described in Example 1 and the result was shown in Table 2. 



[190] Table 2 
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0.54 


3.1 


9.7 g 
(91 %) 


136,701 


56,387 
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Examplel 
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5/1 


1.4 


3.5 


9.4 g 
(8-3.2 %) 


76,135 


28,945 


2.63 


Examplel 
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7/3 


2.3 


4.0 


9.2 g 
(76 %) 


62,607 


25,584 


2.45 



[191] Example 17: Polymerization of 5-norbornene-2-allylacetate 
[192] 5~norbornene-2-allylacetate (10 mL, 6L7 mmol) and wet toluene (35 mL) were 
charged into a 250 mL Schlenk flask in air. Pd(OAc) 2 (0.92 mg, 4.11 p mol) and 
[(Cy) 3 PH] [6(0^5)4] (7.9 mg, 8.23 p mol) were dissolved in CH 2 C1 2 (1 mL) and added 
to the monomer solution. While the reaction mixture was stirred for 1 8 hours at 90 °C , 
the reaction mixture became viscous. After the reaction was completed, 120 ml of 
toluene was added to the viscous solution to dilute it. The solution was poured into an 
excess of ethanol to precipitate a white polymer, which was filtered through a glass 
funnel, washed with ethanol, and dried in vacuo at 80 *C for 24 hours to yield a 
5-norbornene-2-allylacetate polymer (9.74 g: 95 % by weight based on the total weight 
of used monomers). The weight average molecular weight (Mw) of the polymer was 
271,010 and Mw/Mn was 2.40. 
[193] Examples 1 8-20: Polymerization of 5-norbornene-2~allylacetate 
[194] 5-norbornene-2~allylacetate was polymerized in the same manner as described in 
Example 17, except that the relative amounts of a toluene and a catalyst over a 
monomer were varied. The results were shown in Table 3 . 



[195] Table 3 
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Example 


: 10 


3.0 


15,000 


9.74 g 
(95.0 % 
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271,000 


113,000 


2.40 


Example 




2.0 


15,000 


9.70 g 
(94.6 % 
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319,000 


124,000 


2.57 


Example 

1 Q 


10 


3.0 


10,000 


10.08 g 
(98.4 % 

) 


» 

287,000 


114,000 


2.51 


Example 


10 


2.0 


10,000 


10.04 g 
(98.0 % 

) 


307,000 


120,000 


2.57 



[1 96] Examples 2 1 -23 : Polymerization of 5~norbornene~2-allylacetate 



[ 1 97] 5-norbomene-2-allylacetate (3 mL, 1 8.5 mmol) and toluene (1 1 mL) were charged 

into a 250 mL Schlenk flask and a 1 ,23 mM catalyst solution in CH 2 C1 2 was prepared in 
a 2: 1 ratio of [(Cy) 3 PH] [6(^5)4] to Pd(OAc) 2 . The catalyst solution was used in 
polymerization after aging for 24 ? 32, and 48 hours. The reaction temperature was 
90 °C and the reaction time was 1 8 hours. The subsequent experimental procedure 
was carried out in the same manner as described in Example 1 and the result was shown 
in Table 4. 



[198] Table 4 





Aging time 
(hr) 


Yield 
(%) 


Mw 


Mn 


Mw/Mn 


Example 21 


24 


93.2 


288,395 


126,503 


2.28 


Example 22 


32 


86.0 


304,280 


144,515 


2.11 


Example 23 


48 


94.3 


284,763 


131,954 


2.16 



[199] The catalyst solution containing KCy) 3 PH][(B(C 6 F 5 )<0 was observed to kept yellow 
color even after aging for 48 hours. As shown in Table 4, the polymerization yield 
was 90% or greater and the molecular weight was 250,000-290,000. The catalyst 
including [(Cy) 3 PH][(B(C<$F 5 )4) maintained good catalytic activity and good stability 
even after aging. 



[200] Examples 24-25 : Polymerization of 5 -norbornene-2-allylacetate 

[201] 5-norbornene~2-allylacetate (5 mL, 30.9 mmol) and toluene (1 8 mL) were charged 
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into a 250 mL Schlenk flaslc Pd(OAc) 2 (0.46 mg, 2.06 y mol) and 
[(Cy) 3 PH][B(C 6 F 5 ) 4 ] (5,0 nig, 5.2 y mol) were dissolved in CH 2 C1 2 (1 mL) and added 
to the monomer solution. Polymerization was carried out at 80 °C and 150 *C for 18 
hours. Hie subsequent experimental procedure was carried out in the same manner as 
in Example 1 to obtain a 5~norbornene-2-allyIacetate polymer and the results were 
shown in Table 5. For reference, the results of Example 1 were also added to Table 5. 



[202] Table 5 





Polymerization 

temperate 
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(°C) 


Yield 
(%) 


Mw 


Mn 


Mw/Mn 


Example 
1 


90 


92.2 


250,071 


92,619 


2.70 


Example 
24 


80 


83.0 


312,300 


138,200 


2.26 


Example 
25 


150 


85.0 


145,000 


62,000 


2.34 



r 

[203] Example 26: Polymerization 5-acetylnorbornene 

[204] 5-acetylnorbornene (I<B-0-C(0)-CH 3 ) (10 mL, 68.6 mmol, NB^norbornene) was 
charged into a 250 mL Schlenk flaslc Pd(OAc) 2 (1.5 mg, 6. 86 y mol) and 
[(Cy) 3 PH][B(C6F 5 )4] (13.2 mg, 13.72 y mol) were dissolved in CH 2 C1 2 (1 mL) and 
added to the monomer solution. After 5 minutes, 5 mL of toluene was slowly added. 
While the reaction mixture was stirred for 1 8 hours at 90 °C the reaction mixture 
became viscous. 5 mL of toluene was added four times at intervals of 30 minutes to 
add a total of 20 mL of toluene. After the reaction was completed, 200 ml of toluene 
was added to the viscous solution to dilute it. The solution was poured into an excess 
of ethanol to precipitate a white polymer, which was filtered through a glass funnel, 
washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield a 
5-acetylnorbornene polymer (5.44 g: 52.1 % by weight based on the total weight of 
used monomers). The weight average molecular weight (Mw) of the polymer was 
2 1 8,400 and Mw/Mn was 2.29, 

[205] Example 27: Polymerization 5~acetylnorbomene 

[206] 5-acetylnorbornene (NB~0~C(0)-CH 3 ) (10 mL, 68.6 mmol, NB=norbornene) was 
charged into a 250 mL Schlenk flaslc. Pd(OAc)2 (2.2 mg, 9.8 y mol) and 
[(Cy) 3 PH3[B(C 6 F 5 )4] (18.8 mg, 19.6 y mol) were dissolved in CH 2 C1 2 (1 mL) and 
added to the monomer solution. After 2 minutes, 5 mL of toluene was slowly added. 
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While the reaction mixture was stirred for 1 8 hours at 90 °C , the reaction mixture 
became viscous. 5 mL of toluene was added after 10, 30, 120 and 240 minutes to add 
a total of 20 mL of toluene. After the reaction was completed, 200 ml of toluene was 
added to the viscous solution to dilute it. The solution was poured into an excess of 
ethanol to precipitate a white polymer, which was filtered through a glass funnel, 
washed with ethanol, and dried in vacuo at 80 °C for 24 hours to yield a 
5-acetylnorbornene polymer (6.42 g: 61.5 % by weight based on the total weight of 
used monomers). The weight average molecular weight (Mw) of the polymer was 
198,953 and Mw/Mn was 2.33. 

[207] Comparative Examples 1-3: Polymerization of 5-norbornene-2-allylacetate 

[208] A catalyst system including Pd(OAc) 2 , dimethylanilium 

(tetrakispentafluorophenyl)borate (|TPhMVIe2H][B(C6F5)4]) and P(Cy) 3 was used. The 
molar ratio of [PliNMe 2 H] [B(C 6 F 5 ) 4 ] to Pd(OAc) 2 was 2; 1 and the molar ratio of P(Cy) 3 
to Pd(OAc) 2 was 1:1. These catalyst components were dissolved in CH 2 C1 2 to prepare 
a 1 .23 mM orange catalyst solution. Polymerization was carried out in the same 
manner as described in Examples 21 -23 . The results were shown in Table 6. 

[209] Table 6 





Aging time 
(hr) 


Yield 
(%) 


Mw 


Mn 


Mw/Mn 


Comparative 
Example 1 


24 


81.7 


289,461 


135,137 


2.14 


Comparative 
Example 2 


32 


32.7 


300,643 


145,393 


2.07 


Comparative 
Example 3 


48 


2.60 


233,495 


116,726 


2.00 



[210] The catalyst solution including [PhNMe 2 H][B(C 6 F 5 )4] turned from orange to green in 
color after 1 0 minutes. When polymerization was carried out using the green catalyst 
solution, the polymerization yield was 80% after aging for 24 hours and was reduced to 
10% or less after aging for 48 hours. As a result, the catalyst solutions of Comparative 
Examples 1-3 including [PhNMe 2 H][B(C 6 F 5 ) 4 ] were less stable than the catalyst 
solutions of Examples 2 1 -23 including [(Cy) 3 PH] [(B(C 6 F 5 )4). 
[211] Comparative Example 4: Polymerization of 5-norbomene-2~allylacetate 
[212] [Li}[B(C<5F 5 )4] (20.6 mg, 0.0030 mmol) and 5-norbornene-2-allyIacetate (5.0 g, 30 
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mmol) were charged into a 250 mL Schlenlc flask. A solution of [(Allyl)PdCI] 2 (0.55 
mg, 0.0015 mmol) and P(Cy) 3 (0.84 mg, 0,0030 mmol) in toluene (0.1 mL) was added 
to the flask. Polymerization was carried out at 90 °C for 1 8 hours and the resulting 
solution was added into an excess amount of ethanol to precipitate polymeric materials. 
However, no polymer was obtained. 
[213] Comparative Example 5: Polymerization of 5-norbornene-2~carboxylic methylester 
[2 14] 5~norbornene-2-carboxylic methylester (MENB(NB-C(0)^0-CH 3 ) (5 mL 5 34.4 
mmol) and toluene (1 8 mL) were charged into a 250 mL Schlenlc flask. A CH 2 Cl 2 
solution (1 mL) of Pd(OAc) 2 (0.772 mg 5 3.44 p mol) and [HP(Cy) 3 ][B(C 6 F 5 )4] (6.61 
mg, 6.88 p mol) was added to the monomer solution with a syringe at 90 °C . A 
polymerization reaction was carried out at 90 *C for 1 8 hours. Thereafter, the resulting 
solution was added to an excess amount of ethanol to obtain white polymer precipitates. 
The precipitates were filtered through a glass filter to recover a polymer. The polymer 
was dried in a vacuum oven at 80 °C for 24 hours to obtain 5-norbornene-2~carboxyiic 
methylester polymer (0.8 g: 15 % by weight based on the total weight of used 
monomers). 

[215] Comparative Example 6: Polymerization of 5-norboniene-2-carboxylic butylester 
[2 1 6] 5~norbomene-2-carboxylic butylester (MENB (NB^C(0)-O^CH 2 CH 2 CH 2 CH 3 ) (5 mL, 
34.4 mmol) and toluene (17 mL) were charged into a 250 mL Schlenlc flask A 
CH 2 C1 2 solution (1 mL) of Pd(OAc) 2 (0.56 mg, 2.5 1 p mol) and [HP(Cy) 3 ] tB(C£ 5 )d 
(4.82 mg, 5.02 p mol) was added to the monomer solution with a syringe at 90 °C . A 
polymerization reaction was carried out at 90 °C for 1 8 hours. Thereafter, the resulting 
solution was added to an excess amount of ethanol. However, no polymer was 
obtained, 

[217] Comparative Example 7: Polymerization of 5-norbornene-2-allylacetate 
[218] 5~norbomene-2-allylacetate (5 mL, 30.9 mmol) and toluene (18 mL) were charged 
into a 100 mL Schlenlc flask. Pd(OAc) 2 (0.69 mg, 3.09 p mol) and 
[HP(Cy)3][B(C 6 F 5 ) 4 ] (5.94 mg, 6.18 p mol) were dissolved in CH 2 C1 2 (1 mL) and then 
AlEt 3 (18.5 fd> 18.5 p mol) was added thereto. The solution immediately turned 
black in color. The black catalyst solution was added to the monomer solution. 
Polymerization was carried out at 90 °C for 1 8 hours. Thereafter, the resulting 
solution was added to ethanol. However, no polymer was obtained. 
[2 1 9] Comparative Example 8 : Polymerization of 5-norbornene-2-allylacetate 
[220] 5-norbornene-2-allylacetate (5 mL, 30.9 mmol) and toluene (18 mL) were charged 
into a 100 mL Schlenk flask. Pd(OAc) 2 (0.69 mg, 3.09 p mol) and 
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[PhNMe 2 H][B(C 6 F 5 )4] (5.94 mg, 6.18 y mol) as catalysts were dissolved in CH 2 C1 2 (1 
mL), and then a colorless (Cy) 3 P * AlEt 3 complex solution including Cy 3 P (0.87 mg, 
3.09 u moi) and AlEt 3 (3.09 3.09 p mol) was added thereto. The solution 
immediately turned black in color. The black catalyst solution was added to the 
monomer solution. Polymerization was carried out at 90 °C for 18 hours. Thereafter, 
the resulting solution was added to an excess amount of ethanol to obtain white polymer 
precipitates. The precipitate was filtered through a glass filter and dried in a vacuum 
oven at 80 °C for 24 hours to obtain a polymer (0.5 g: 10 % by weight based on the total 
weight of used monomers). 
[221] Comparative Examples 9 and 10: Polymerization of 5-norbornene~2-allylacetate 
[222] 5-norbornene~2~allyiacetate (5 mL, 30.9 mmol) and toluene (18 mL) were charged 
' into a 250 mL Schlenk flask. Pd(OAc) 2 (0.46 mg 3 2.06 p mol) and 

[(Cy) 3 PH][B(C 6 F 5 )4] (5.0 mg, 5.2 p mol) were dissolved in CH 2 C1 2 (1 mL) and added 
to the monomer solution. Polymerization was carried out at 50 °C and 170 °C for 18' 
hours. The subsequent experimental procedure was carried out in the same manner as 



described in Example 1 . The results were shown in Table 7. 
[223] Table 7 





Polymerization 
temperature (°C) 


Yield 
(%) 


Mw 


Mn 


Mw/Mn 


Comparative 
Example 9 


50 


18.0 


265,000 


120,400 


2.20 


Comparative 
Example 10 


170 


34.0 


105,000 


42,800 


2.45 



[224] As can be seen in Table 7 5 as polymerization temperatures such as 50 and 170 °C are 
not within the range defined above, polymerization yields are considerably reduced. 
The reason for this is as described above. 



[225] Comparative Example 1 1 : Polymerization of 5-norbornene-2-carboxylic acid 

[226] 5-norbomene-2~carboxylic acid (10 g) and [Pd(C6H 5 CN)Cl 2 ]2 (100 mg) were reacted 

at 140 °C for 10.5 hours to obtain a polymer (5.75 g). The obtained polymer had a 

molecular weight of 1 129. 
[227] Comparative Example 12: Polymerization of 
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5Hriorbomene-2~methyi~decanylacetate 
[228] 5-Borbornene-2-methyl-decanylacetate (1.03 g, 3.7 mmol) was charged into a 250 
rriL Schlenk flask. [(AUyl)PdCl] 2 (13.15 mg, 3.60X 10" 2 mmol) and AgSbF 6 (35 mg, 
10.1 X 10" 2 mmol) were dissolved in chlorobenzene (2 mL). AgCl precipitates were 
filtered and the resulting solution was added to the monomer solution to react for 24 
hours. The polymerization yield was 1 .01 g (98%) and the weight average molecular 
weight was 58,848. 

[229] Comparative Example 13: Polymerization of 5-norbornene-2-allylacetate 
[230] 5-norbornene~2-allylacetate (5.0 g, 30 mmol) and Li[B(C 6 F s ) 4 ] were charged into a 
250 mL Shlenk flask. A toluene solution (0.1 mL) of [(Allyl)PdCl] 2 (0.55 mg, 0.0015 

■ 

mmol) P(Cy) 3 (0.84 mg, 0.0030 mmol) was added to the monomer solution. A 
polymerization reaction was carried out at 65 °C for 4 hours to obtain 0.25 g of a 
polymer (5%). 

[23 1 ] Comparative Example 14: Polymerization of 5-norbornene-2-allylacetate 

[232] 5-norbornene-2~allylacetate (5 mL, 30.9 mmol) and toluene (15 mL) were charged 
into a 250 mL Schlenk flask. A CH 2 C1 2 solution (1 mL) of Pd(OAc) 2 (1.4 mg, 6.2 
mol) and pphNMe 2 H][B(C6F 5 )4] (10.9 mg a 13.6 mol) was added to the monomer 
solution. A polymerization reaction was carried out at 90 °C for 1 8 hours. Thereafter, 
the resulting solution was added to an excess amount of ethanol. However, no 
polymer was obtained. 

[233] Preparation of optical anisotropic film 

[234] Examples 28 and 29 

[235] Each of the polymers prepared in Examples 1 and 3 was mixed with a solvent to form 
a coating solution as shown in Table 8. The coating solutions were cast on a glass 
substrate using a knife coater or a bar coater, and then the substrate was dried at room 
temperature for 1 hour and further dried under a nitrogen atmosphere at 100°C for 18 
hours. The glass substrate was kept at -1 0 °C for 1 0 seconds and the film on the glass 
plate was peeled off to obtain a clear film having a uniform thickness. The thickness 
deviation of the film was less than 2%. The thickness and the light transmittance of 
the obtained film were shown in Table 8. 



[236] Table 8 





Composition of film solution 


Physical properties of film 




Polymer (parts 


Solvent (parts by 


Thickness (#ffl) 


Light 




by 


weight) 




transmitt 




weight) 






ance (%) 
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Example 28 


Polymer 

prepared 

» 

in 

Example 
I 


THF560 


114 


92 


Example 29 


Polymer 

prepared 
• 

114. 

Example 
3 


CH 2 C1 2 360 and 
TOLUE 
NE200 


120 





[237] In Table 8, THF is tetrahydrofurane, 
[238] Measurement of optical anisotropy 
[239] Experimental Examples 1 and 2 



[240] For clear films produced in Examples 28 and 29, a refractive index n was measured 
using an Abbe refractometer, an in-plane retardation value Re was measured using an 
automatic birefringence analyzer (available from Oji Scientific Instrument; KOBRA-21 
ADH), and a retardation value R e was measured when the angle between incident light 
and the film surface was 50° and a retardation value R^ between the direction through 
the film thickness and the in-plane x~axis was calculated using Equation (2): 

[241] 

R,o x cos Of 




sin 2 6 



(2). 

[242] A refractive index difference (n x -n y ) and a refractive index difference (n y -n z ) were 
calculated by dividing R. and Ra, by the film thickness, (n,,-%), Ra, R^, and (n y -n 2 ) of 
each clear film were indicated in Table 9. 



[243] Table 9 





n (refractive 
index) 


(n K -%)xl0 3 


Ri h (mn/#!ii) 


(n y -nz)xl0 3 


Experimental 
Example 1 


1 « 5 2 


0.008 


2.32 


m 


Experimental 
Example 2 


1.50 


0.009 


2.13 


2.13 



[244] When films were covered with a triacetate cellulose film having n y >n 2 , R e values of 
all cyclic olefin films increased, which indicates that Rt h of a cyclic olefin film is 
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produced due to a negative birefringence (ny>n z ) in a direction through the film 
thickness. 

Industrial Applicability 

[245] The present invention provides a cataiyst system capable of producing a cyclic olefin 
polymer having polar functional groups and a high molecular weight in a high yield. 
The catalyst system has good thermal and chemical stability, and thus is not de- 
activated due to functional groups. 
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Claims 



[1] A catalyst system for producing cyclic olefin polymers having polar functional groups, 
the catalyst system comprising: 

i) a procatalyst represented by formula (1) containing a group 10 metal and a ligand 
containing hetero atoms bonded to the metal; 

ii) a cocatalyst represented by formula (2) including a salt compound which is capable 
of providing a phosphonium cation and an anion weakly coordinating to the metal of the 
procatalyst: 



where X is a hetero atom selected from S, O and N; 

R, is -CH=CHR 20 S -OR 20 , -SR 20 , ~N(R 20 ) 2 , ~N=NR 20 , ~P(R 20 ) 23 -C(O)R 20 3 -C(R 20 )=NR 20 , 
~C(0)OR 20 , -OC(O)OR 20 ? -OC(O)R 20 > ^C(R 20 )=CHC(O)R 20 5 -R 2l C(0)R 20 , 

* 

-R 2I C(0)OR 2D or ^R 2I OC(O)R 20 5 where R 20 is a hydrogen, a halogen, a linear or 
branched d- 5 alkyl, a linear or branched Ci« 5 haloallcyl, a linear or branched C 5 .io 
cycioalkyl, a linear or branched C2-5 alkenyl, a linear or branched C 2 -s haloalkenyl, or an 
optionally substituted C 7 . 2 4 arallcyl, and R 21 is a Q „ 2 o hydro- 
carbylene; 

R 2 is a linear or branched Q.20 alkyl, allcenyl or vinyli a C5-12 cycloalkyl optionally 
substituted by a hydrocarbon; a C^o aryl optionally substituted by a hydrocarbon; a 
C 7 . t 5 aralkyl optionally substituted by a hydrocarbon; or C3.20 
alkynyl; 

M is a group 10 metal; and 
p is an integer from 0 to 2, and 



where each of a, b and c is an integer from 0 to 3, and a+b+c = 3; 
Z is 0 3 S, Si or N; 

d is 1 when Z is O or S, d is 2 when Z is N, and d is 3 when Z is Si; 
R 3 is a hydrogen, an alkyl, or an aryl; 

each of R*, Rr and R 5 is a hydrogen; a linear or branched C^o alkyl, alkoxy, aXlyl, 




P 



0) 



[(R 3 )-P(R4) a (R40b[Z(R 5 )d3c][Ani] (2) 
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allcenyl or vinyl; a C3.12 cycloalkyl optionally substituted by a hydrocarbon; a Cmd aryl 
optionally substituted by a hydrocarbon; a C 7 . l5 aralkyl optionally substituted by a 
hydrocarbon; a C^o alkynyl; a tri(linear or branched C w0 allcyl)silyl; a tri(linear or 
branched C M0 allcoxy)silyl; a tri(optionally substituted C342 cycloallcyl)silyl; a 
tri(optionaIly substituted C^o aryl)silyl; a tri(optionally substituted C 6 ^ 0 aryloxy)silyl; a 
tri(linear or branched C M0 allcyl)siloxy; a tri(optionally substituted C^u 
cycloalkyl)siloxy; or a tri(optionally substituted C<m 0 aryl)siloxy, in which each 
substituent is a halogen or C1.20 

haloallcyl; and 

[Ani] is an anion capable of weakly coordinating to die metal M of the procatalyst 
represented by formula (1) and is selected from the group consisting of borate, 
alurninate, [SbF 6 h [PFgK [AsF*]-, perfluoroacetateC^COx]-), 
perfluoropropionate([C 2 F5C0 2 ]-), perfluorobutyrate([CF 3 CF2CF 2 C02]-), 
perchlorate([C10 4 ]~), p4oluenesulfonate([p^H 3 C<^S0 3 3-X [S0 3 CF 3 ]~, boratabenzene, 
and carborane optionally substituted with a halogen. 
[2] The catalyst system of claim 1 , wherein the borate or aluininate of formula (2) is an 
anion represented by formula (2a) or (2b): 



where M* is B or A3; 

R(5 is a halogen, a linear or branched alkyl or alkenyl optionally substituted by a 
halogen, a C$ A2 cycloalkyl optionally substituted by a halogen, a Q-40 aryl optionally 
substituted by a hydrocarbon, a C^o aryl optionally substituted by a linear or branched 
C 3 : 20 triallcylsiloxy or a linear or branched C lM8 triarylsiloxy, or a C 7A5 aralkyl 
optionally substituted by a halogen. 
[3] The catalyst system of claim 1, wherein the procatalyst represented by formula (1) and 
the cocataiyst represented by formula (2) are a group 10 metal containing compound 
represented by formula (3) and a phosphonium compound represented by formula (4), 
respectively; 



[M'(OR 6 )4] 



(2a), 
(2b) 



X 




<( M 




r 
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each of R, \ R 2 \ R 2 " and R 2 '" is a linear or branched C U2 q aikyl, allcenyl or vinyl; a C 5 .i 2 
cycloallcyl optionally substituted by a hydrocarbon; a C<m 0 aryl optionally substituted by 
a hydrocarbon; a C7-15 aralkyl optionally substituted by a hydrocarbon; or a C 3 . 20 
alkynyl; 

M is a group 10 metal; and 

each of r and s is an integer from 0 to 2 and r+s » 2, and 
P-P(R4) 3 ][Ani] (4) 

where R< is a hydrogen; a linear or branched Ct-20 aikyl, alkoxy, allyl, allcenyl or vinyl; 
an optionally substituted C342 cycloallcyl; an optionally substituted C M0 aryl; an 
optionally substituted^.^ aralkyl; or a C 3 . 20 alkynyl, in which each substituent is a 
halogen or a Cj.20 haloallcyl; and 

[Ani] is an anion capable of weakly coordinating to the metal M of the procatalyst 
represented by formula (1) and is selected from the group consisting of borate, 



aluminate, [SbF 6 ]- 5 [PF 6 h [AsF 6 ]-, perfluoroacetate([CF 3 C0 2 ]-), 
perfluoropropionate([C 2 F 5 C0 2 ]-) 5 perfluorobutyrate([CF 3 CF 2 CF2C0 2 ]-), 

perchlorate([CJO,]-), p-toluenesulfonate([p-CH 3 C <5 H4S0 3 3-) s [30 3 CF 3 h boratabenzene, 
and carborane optionally substituted by a halogen, 
[4] The catalyst system of claim 1 , wherein the procatalyst represented by formula (1) and 
the cocatalyst represented by formula (2) are a palladium compound represented by 
formula (3a) and a phosphonium compound represented by 
formula (4), respectively; 



where each of R, \ R 2 \ R 2 " and R 2 "' is a linear or branched C^o allcyl, allcenyl or vinyl; 
a C5.12 cycloallcyl optionally substituted by a hydrocarbon; a C M0 aryl optionally 
substituted by a hydrocarbon; a C7.15 aralkyl optionally substituted by a hydrocarbon; or 
a C 3 . 20 allcynyl; and 

each of r and s is an integer from 0 to 2 and r+s = 2, and 
[H-P(R4) 3 ][Ani] (4) 

where R, is a hydrogen; a linear or branched C h20 aikyl, alkoxy, ally!, alkenyl or vinyl; 
an optionally substituted C3-12 cycloalkyi; an optionally substituted C M0 aryl; an 




(3a) 
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optionally substituted C 7 .is arallcyl; or a C^o allcynyl, in which each substituent is a 
halogen or a Cj_ 2 o haloallcyl; and 

[Ani] is an anion capable of wealcly coordinating to the metal M of the procatalyst 

represented by formula (1) and is selected from the group consisting of borate, 

aluminate, [SbF G ]- 3 [PF 6 ]-, [AsF 6 h perfluoroacetate([GF 3 C0 2 ]-) > 

perfluoropropionate([C 2 F 5 C02]-)> perfluorobutyrate([CF 3 CF7CF 2 C023-), 

perchlorate([C10 4 ]-) 5 p-toluenesulfonate^p-CHaCgH^SOa]-), [S0 3 CF 3 ]- 5 boratabenzene, 

and carborane optionally substituted by a halogen. 
[5] The catalyst system of claim 1, wherein, in the procatalyst represented by formula (1), 

the metal is Pd, p is 2, and the ligand having a hetero atom directly coordinating to the 

metal is acetylacetonate or acetate, and in the cocatalyst including a salt compound 

having phosphonium represented by formula (2), b is 0, c is 0, R 3 is H, and R4 is 

cyclohexyl, isopropyl, t-butyl, n-butyl or ethyL 
[6] The catalyst system of claim 1, wherein the molar ratio of the cocatalyst to the 

procatalyst is in the range of 0.5:1 to 10:1. 
[7] The catalyst system of claim 1 s wherein a catalyst mixture comprising the procatalyst 

and the cocatalyst is supported on an inorganic support. 
[8] The catalyst system of claim 7, wherein the inorganic support is at least one selected 

from the group consisting of silica, titania, silica/chrornia, silica/chromia/titania, 

silica/alumina, aluminum phosphate gel, silanized silica, silica hydrogel, 

montmorillonite clay and zeolite. 
[9] The catalyst system of claim 1, wherein the catalyst mixture is dissolved in at least one 

organic solvent selected from the group consisting of dichloromethane, dichloroethane, 

toluene, chlorobenzene and a mixture thereof. 
[10] The catalyst system of claim 1, wherein the catalyst mixture comprises a metal catalyst 

complex composed of the procatalyst and the cocatalyst. 
[11] A method of producing cyclic olefin polymers having polar functional groups, the 

method comprising: 

preparing the catalyst system mixture of any one of claims 1-10; and 
addition-polymerizing cyclic olefin monomers having polar functional groups in the 
presence of an organic solvent and the catalyst system mixture, at a temperature of 
80450 °C. 

[12] The method of claim 1 1, wherein the cyclic olefin monomer is a compound represented 
by formula (5): 
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(5) 

where m is an integer from 0 to 4; 

at least one of R 7 , R 7 ', R 7 " and R 7 '" is a polar functional group and the others are 
nonpolar functional groups; 

R 7 , R 7 \ R 7 " and R/" can be bonded together to form a saturated or unsaturated Gm 2 
cyclic group or a C 6 . 24 aromatic ring; 

the nonpolar functional group is a hydrogen; a halogen; a linear or branched C lt . 2 o alkyl, 
haloalkyl, alkenyl or haloalkenyl; a linear or branched C 3 . 2 o alkynyl or haloalkynyl; a 
C3.12 cycloallcyl optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloallcynyl; a C^ 0 aryl optionally substituted by an alkyl, 
an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloallcynyl; or a Q 1AS 
aralkyl optionally substituted by an alley], an alkenyl, an alkynyl, a halogen, a haloalkyl, 
a haloalkenyl or haloallcynyl; 

the polar functional group is a non-hydrocarbonaceous polar group having at least one 
O, N, P, S, Si or B and is ~R 8 OR 9 , -OR 9 , -OC(0)OR 9 , -R 8 0C(0)0R 9 , -C(0)R 9 5 
-R 8 C(0)0R 9 , -C(0)OR 9 , -R 8 C(0)R 9 , ~OC(0)R 9 , -R 8 0C(0)R 9 , -(R 8 0) k -OR 9 , 
-(OR VOR 9 , ~C(0)-O-C(0)R 9 , «R 8 C(0)^3-C(0)R 9 , -SR 9 , -R 8 SR 9 , -SSR 8 , -R 8 SSR 9 , 
-S(0)R 9 , 4L 8 S(-0)R 9 , -R 8 C(===S)R 9 , -R 8 C(=S)SR 9 , ^SOaR 9 , -S0 3 R 9 , -R 8 N=C=S a 
-NCO, R 8 ~NCO, -CN, -R 8 CN, -NNC(=S)R 9 , -R S NNC(-S)R 9 , -N0 2 , 
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where each of R 8 and R H is a linear or branched C^ 2 o alkylene, haloalkylene, attcenylene 
or haloalkenylene; a linear or branched C3-20 alkynylene or haloalkynylene; a C3-12 
cycloalkylene optionally substituted by an alkyl, an alkenyi, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; a C M0 arylene optionally substituted by an 
alkyl, an alkenyi, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or a 
C7.15 aralkylene optionally substituted by an alkyl, an alkenyi, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; 

each of R 9 , R l0 5 R 12 and R 13 is a hydrogen; a halogen; a linear or branched Cj. 2 o alkyl, 
haloalkyl, alkenyi or haloalkenyl; a linear or branched C 3 . 2 o alkynyl or haloalkynyl; a 
C3.12 cycloalkyl optionally substituted by an alkyl, an alkenyi, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; a C M0 aiyl optionally substituted by an alkyl, 
an alkenyi, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; a C 7 .is 
aralkyl optionally substituted by an alkyl, an alkenyi, an alkynyl, a halogen, a haloalkyl, 
a haloalkenyl or haloalkynyl; or an alkoxy, an haloalkoxy, a carbonyloxy or a 
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[13] 

[14] 
[15] 

[16] 
[17] 

[18] 



halocarbonyloxy; and 

Ic is an integer from 1 to 10. 

The method of claim 11, wherein a total amount of the organic solvent is 50-800% 
based on the weight of the total monomer in the monomer solution. 
The method of claim 1 1 , wherein the catalyst mixture is added in a solid phase to the 
monomer solution. 

The method of claim 1 1, wherein the amount of the catalyst mixture is such that a molar 
ratio of the procatalyst to the total monomer is 1 :2,500 to 1:200,000. 
The method of claim 1 1, wherein the monomer solution further comprises a cyclic 
olefin compound having no polar functional group. 

The method of claim 1 1, wherein the monomer solution further comprises a linear or 
branched Cj_ 2 o olefin, 

A polymer produced using the method of claim 1 1, which is an addition polymer of a 
cyclic olefin monomer having a polar functional group represented by formula (5) and 
has a weight average molecular weight M w of 10,000-1 5 000 3 000: 



where m is an integer from 0 to 4; 

at least one of R 7j R 7 ', R 7 " and R 7 "' is a polar functional group and the others are 
nonpolar functional groups; 

R 7 , R 7 \ R 7 " and R 7 "' can be bonded together to form a saturated or unsaturated C^ n 
cyclic group or a aromatic ring; 

the nonpolar functional group is a hydrogen; a halogen; a linear or branched C^o alkyl, 
haloalkyl, allcenyl or haloallcenyl; a linear or branched C3.20 allcynyl or haloallcynyl; a 
C3-12 cycloalkyl optionally substituted by an alkyl, an allcenyl, an allcynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloallcynyl; a Cmo aryl optionally substituted by an alkyl, 
an allcenyl, an allcynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or a C 7 . 15 
aralkyl optionally substituted by an alkyl, an allcenyl, an alkynyl, a halogen, a haloalkyl, 
a haloallcenyl or haloallcynyl; 

the polar functional group is a non-hydrocarbonaceous polar group having at least one 



O, N, P, S, Si or B and is -R B OR 9 , -OR 9 , ~OC(0)OR 9 , -R 8 OC(0)OR 9 , -C(0)R 9 , 
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•R 8 C(0)OR 9 , -C(0)OR 9 , -R 8 C(0)R 9 , -OC(0)R 9 , -R 8 OC(0)R 9 , -(R 8 0) k ~OR 9 , 
•(OR 8 ) k -OR 9 , -C(0)-0-C(0)R 9 , -R 8 C(0)-0-C(0)R 9 5 -SR 9 , -R 8 SR 9 S -SSR 8 , -R 8 SSR 9 , 
-S(=0)R 9 , -R 8 S(=0)R 9 , -R 8 C(=S)R 9 , -R 8 C(=S)SR 9 , -R 8 S0 3 R 9 , -S0 3 R 9 , -R 8 N=C=S, 
-NCO, R 8 -NCO, -CN, -R 8 CN, -NNC(=S)R 9 , -R 8 NNC(=S)R 9 , -N0 2s 
-R 8 N0 2 , 
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where each of R 8 and R u is a linear or branched Cu2o alkylene, haloalkylene, alkenylene 
or haloalkenylene; a linear or branched C 3 . 2 o alkynylene or haloallcynylene; a C3.12 
cycloalkylene optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; a C 6 ^o arylene optionally substituted by an 
alkyl, an alkenyl, an alkynyl, a halogen, a haloalkyl, a haloalkenyl or haloalkynyl; or a 
C745 aralkylene optionally substituted by an alkyl, an alkenyl, an alkynyl, a halogen, a 
haloalkyl, a haloalkenyl or haloalkynyl; 

each of R 9 , R 10 , R 12 and R 13 is a hydrogen; a halogen; a linear or branched Ci. 2 o alkyl, 
haloalkyl, alkenyl or haloalkenyl; a linear or branched C M0 alkynyl or haloalkynyl; a 
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C3.12 cycloallcyl optionally substituted by an alkyl, an allcenyl, an allcynyl, a halogen, a 
haloallcyl, a haloalkenyl or haloallcynyl; a C^o aryl optionally substituted by an allcyl, 
an alkenyl, an allcynyl, a halogen, a haloallcyl, a haloalkenyl or haloallcynyl; a C 7 . IS 
arallcyl optionally substituted by an allcyl, an alkenyl, an allcynyl, a halogen, a haloallcyl, 
a haloalkenyl or haloallcynyl; or an alkoxy, an haloalkoxy, a carbonyloxy or a 
halocarbonyloxy; and 
k is an integer from 1 to 10. 
[19] The polymer of claim 1 8, wherein the cyclic olefin polymers having polar functional 
groups comprise a cyclic olefin homopolymer, a copolymer of cyclic olefin monomers 
having different polar functional groups, or a copolymer of a cyclic olefin monomer 
having a polar functional group and a cyclic olefin monomer having no polar functional 
group. 

[20] An optical anisotropic film comprising the cyclic olefin polymer having a polar 

functional group of claim 18. 
[21] The optical anisotropic film of claim 20, having a retardation value represented by 

Equation ( 1) of 704 000 nm: 

(i) 

where % is the refractive index along an in-plane fast axis measured at 550 nm; 

n z is the refractive index in a direction through the film thickness measured at 550 nm, 

and 

d is the thickness of the anisotropic film. 
[22] The optical anisotropic film of claim 21, being 

a negative Opiate type optical compensation film for liquid crystal display, 
satisfying 

n x = n y < n z 

, where n x is the refractive index along an in-plane slow axis. 
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FIG. 1 
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